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CHAPTER

EFFICIENCY IN
RESOURCE ALLOCATION

PLANNING AND EDUCATION

Rapid social and technical change of the twentieth century has placed added
burdens on many institutions of society. These institutions have increased in
shecr size and have expanded considerably in diversity, while, at the same time,
their goals have been constantly shifting. Relating the functioning of these sys-
tems to public needs has thus become increasingly difficult.

Educational institutions are a case in point. A gap is felt between what
schools do and what they ought to do. Educators everywhere feel the pressures
to improve their organizations in the context of a complex society through
better planning, monitoring, and control. Mcanwhile, all over the world, the
public demands that schools become more responsive to desired social and
economic goals, and alternatives to existing institutions are proposed such as,
for example, nonformal education.'

Moreover, along with the increasing complexity of educational systems, there
tends to be more time required between central decisions and implementation
and greater time lags in the feedback of information to those who determine
policy. Thus decisions must be made more comprehensively and over a longer
time interval than before.

Major ¢fforts to cope with these relatively recent problems have created the
need for a number of quantitative planning techniques on the onc hand and
comero! and monitoring techniques on the other. The best of these techniques
make it possible to relate social needs to institutional responsc. PPBS—planning,
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2 METHODOLOGY FOR PLANNING TECHNICAL EDUCATION

programming, budgeting systems—is one result of these efforts. With PPBS, a
budget is drawn up by program rather than hy cost category and cost benefit
analysis is used to dccide on the most cost effective ways to reach the program
goals.? PPBS, then, is essentially a technique to help the educational adminis-
trator in the inonitoring and control of educational systems, rather than for
long-term planning. Other methods such as MIS (management information sys-
tems) have emerged concurrently with PPBS. These systems have been devel-
oped because it is recognized that a well-developed information feedback from
the school sites to administrators, planners, and policy makers, and vice-
versa, is essential for both short-term and long-term planning and control.®

The devclopment and international dissemination of techniques for medium-
and long-term planning has been greatly stimulated by the International Insti-
tute of Educational Planning of UNESCO and the Centre for Educational
Research and Innovation of the Organization for Economic Cooperation and
Development (OECD).* Mathematical modeling of the student flow is the most
widely used of these methods. In such models the student flow is characterized
by the promotion, repetition, and dropout rates over a certain period (one or
more years).

In every part of the educational system different types of problems are en-
countered. Generalized frameworks, like MIS or cducational flow models, have
to be tailored to the specific situations of these subsystems. The specific sub-
system to be explored in this book is technical education; here we shall develop
a comprehensive set of methods for planning technical education. Wherever
possible we shall draw on existing tools, fitting them to the specific context of
technical educaion. But in many instances we are faced with planning prob-
lems for which existing methods are ill suited. In such cases we have developed
new planning tools. These tools arc equally applicable in developed and de-
veloping countries. In this study they are exemplified for polytechnics in
Bangladesh.

TECHNICAL EDUCATION AND INDUSTRIALIZATIGN

The twenticth century is characterized by accelerated industrial growth in all
countries. Industrialization is the key to growth of the gross national product.
Governments encourage and stimulate industrial development. Large propor-
tions of their investment budgets are allocated for industries, and taxation and
subsidies are geared to promote private investments in the industrial sector.

The resulting rapid pace of investments in factories and mills has created an
immediate shortage of technical manpovwer, a problem compounded by the
shortage (and sometimes complete absence) of training facilities for technical
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manpower. This problem has been particularly acute for the developing coun-
tries. While developed countrics have been able to build up their training
facilities over a century, in gradual response to developing industrial needs,
developing countries have been forced to do so in one or two decades.

In the relatively poor developing countrics, crash programs for technical
education have been established by international organizations and foreign
assistance programs. The World Bank, the Ford Foundation, UNESCO, the U.S.
Agency for International Development, to mention a few large organizations,
have been involved in providing technical expertise for the establishment of
technical schools, polytechnics, engincering colleges, ctc.

Little attention has been given to the continuing planning, control, and
monitoring of technical schools once they are set up. Foreign assistance pro-
grams are heavily biased toward the provision of capital outlay and foreign
consultants but leave much of the ensuing administration to the receiving
country’s government. These governments generally suffer from a shortage of
qualified analysts and planners; often they arc totally unprepared to cope with
the large size and complexity of the newly emerged structure of technical
education.

As a result many developing countries have experienced runaway costs, low
internal cfficiency, large-scale uncmployment, and underemployment of gradu-
ates in their technical education programs. Responsibility for these problems
rests on a number of factors: (1) reliance on institutionalized training, ignoring
on the job and apprenticeship training as viable alternatives; (2) modeling tech-
nical training programs according to the examples of programs existing in the
United States or Europe, oriented as much to research as to practical use in
factories; and also (3) the lack of evaluation and planning of technical educa-
tion.

Problems 1 and 3 are also cncountered in the developed countries, At the
same time the developing countries are least able to afford wastage; while effi-
ciency in resource allocation is important in all countries, in developing coun-
tries it is of crucial significance in combating malnutrition and starvation and
in building a stronger economy.

Bangladesh is a casc in point. Per capita income is among the lowest in the
world and malnutrition is widespread. Wastage in resource allocation must be
avoided. And yct the contrary seems to happen in technical education, Capacity
continues to increase, despite large-scale unemployment of technical manpower
and despite the huge costs involved.

There are other, more pragmatic reasons why we have selected polytechnics
in Bangladesh for our case study. The large degree of centralization of techni-
cal education and the relatively small number of institutions involved made
data collection and analysis easier. Because of an opportunity to work in the
Planning Department of East Pakistan (later Bangladesh) with the help of the
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Ford Foundation, we were able to gain understanding of thsir system from a
close vantage point.

RATIONALE AND OUTLINE OF THIS BOOK

Technical and professional education programs are, more than any other
branches of the educational system, aimed directly at supplying manpower to
perform certain jobs and to fill certain occupations. The goals and objectives of
technical and professional training are therefore relatively more concrete and
more easily quantified than those of other segments of the educational system.
Thus once manpower requirements are known, it is possible to define in rough
terms the planning process for technical and professional education to meet
these needs.

Between the allocation of resources (investments in education) and the satis-
faction of manpower requirements, three stages are to be distinguished:

1. Financing of Education. Resources are used for the maintenance of
existing capacity or the creation of new places for students. The costs per
student place will determine the ultimate number of students that can be ac-
commodated with these resources. This stage is described by the finance and
cost structure of the system.

2. Student Flow. Students who occupy these places need not complete their
education within the normative time set. Some may never complete, but may
drop out, whether compelled to do so or by their own choice. Others may re-
peat, spending a second year in a class. The student flow characteristics of
dropout, repetition, and promotion give a description of the second stage be-
tween educational investments and the satisfaction of manpower needs. Com-
bined with the cost structure the planner can learn from these flow character-
istics how many student place years it takes to produce one graduate.

3. Employment. Graduation may be the end of the horizon as far as the
school principal is concerned, but the educational planner must look all the
way to the labor market. Are graduates finding employment, and at what
salaries? Are they working above or below the levels they have been trained
for? Was the training adcquate in the theoretic and practical content of the
training program? etc. These are questions to be encountered at this stage.

These three stages require different lines of inquiry and different tools for
analysis. For an intcgrated planning effort the analysis must be woven into a
more comprehensive decision model. This is the main focus of this book and is
found in Chapter 5. Chapters 2 to 4 deal with each of these stages separately,
while the Appendix provides the background of the “case” used to exemplify
these methods: polytechnics in Bangladesh. In Chapters 2 to 5, asa rule we first
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deal with “theory” and then “application” to the specific case study. But it
should be borne in mind that the theory was developed with the application in
mind,

The analysis and matheniatical modeling of the student flow is discussed in
Chapter 2. The student flow can be seen as the pipeline from which trained
manpower emerges after some time. Mathematical modeling of the student flow
is a method by which a policy maker can find out how many new students
should be admitted to the first-year class in order to produce, at a later time, a
desired number of graduates; alternatively, it provides a method for determin-
ing how many graduates can be expected if a given number of students is ad-
mitted to the first-year class. In order to build a mathematical model, the
characteristics of the student flow have to be identified. Measures of the flow
of students through a school are flow rates, like repetition, promotion, drop-
out, input-output, and pass rates. The meaning of each of these measures is
discussed in Chapter 2.

Flow characteristics can be useful for evaluating the internal efficiency of
the school. A large number of dropouts confined with a high degree of repeti-
tion presents a picture of internal wastage. One can distinguish between internal
and external efficiency so that internal cfficiency is only concerned with stu-
dent flow and external cfficiency with the employability of graduates. These
measures have been applied to the case of polytechnics in Bangladesh with the
twofold goal of evaluating internal efficiency and developing a mathematical
model of the student flow. The mathematical model is used to project the stock
of graduates for up to the ycar 1978,

The analysis of the costs of an educational institution is the subject of
Chapter 3. The costs to society at large (social costs) and to the individual
(private costs) are distinguished. For purposcs of planning one ought to con-
sider separately cupital costs (the expenditures for it.ms that last for a long
period) from annually recurring costs (the bulk of which are teachers’ and staff
salaries).

The educational planncr is frequently confronted with one common cost ac-
count for a number of educational programs. But student cost per program is
important information for the educational planner, which, however, cannot be
obtained from the common account. In Chapter 3 we demonstrate a statistical
technique to decompose the total costs over costs by program. The technique
will yield meaningful results if the per student costs for cach program are similar
across the educational institutions where the programs are offered. This decom-
position method of educational costs is exemplified for polytechnics in
Bangladesh.

In Chapter 4, methods for analyzing the employment of graduates are pre-
sented. A basic point of departure is, as with the student flow, the development
of a set of measures that describes the characteristics of the employment
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market for graduates. A most important measure is the period of unemploy-
ment after graduation, since graduates in India and Bangladesh seem to suffer
unemployment, if at all, immediately after graduation.® We show how to recon-
struct an uncmployment rate, from ex post data on the period of unemploy-
ment. The employment prospects of an individual graduate presumably depend
on a number of variables. Some of these arc personal characteristics, others are
general employment market characteristics. The relation between such variables
is discussed and statistically analyzed for graduates from polytechnics.

Chapter 5 is an effort to bring together the techniques of the preceding
chapters in a decision model. An important component of this model is a
management information system. The data produced by this structure should
enable administrators at either central coordination or the school site (princi-
pals) to arrive at better decisions concerning expansion or contraction of
enrollment capacity, improvement of internal cfficiency, relevancy of the
training for jobs, as well as the cost effectiveness of the training. For the planner,
the management information system is also a prerequisite for updating any
planning models or techniques used. Since education, like most social systems,
doces not conform according to a set of more or less well-known “physical”
laws, the relations between variables remain of a statistical nature. they change
to a large extent unpredictzbly. For planning purposes we need to inquire, at
regular intervals, what the new relationships are as they develop.

A second component is a policy explication framework. The more a policy
can be stated in quantitative terms, the more responsive the resource allocation
can be madc to the policy. Since we focus on technical education the policy
explication framework is mainly concerned with manpower targets, which lcads
to the third component, manpower forecasts.

Forecasting employment has been and still is one of the most clusive tasks
with which economists and other social scientists are engaged.® Manpower pro-
jections have often proven to be quite inaccurate. But even manpower projec-
tions do have an advantage over forecasts by “rule of thumb”’; they enable the
forecaster to include more and better information as it becomes available.

A last component of the decision model is a method for deriving optimal
investment decisions for technical education. This method relies heavily on the
framework of student flow and demand projection developed for the other
components. The solution of this optimization problem is achieved with the
technique of quadratic programming.

Chapter 6 discusscs the scope and limitations of the tools developed. The
uscfulness of these planning techniques for policy purposes is explored in cost
benefit terms and suggestions are made for further research.

The intention of this study has been to contribute to the methodology of
planning educational systems, while touching on some of the most pressing
problems encountered in the real world. We are quite aware, however, that
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much more needs to be done. Analysis of what happens inside the school (teach-
ing methods, curriculum, etc.) and examination of the relation between job
content and training are among those subjects that are essential for proper
planning and require further study. We hope that this book will stimulate

others to contribute to knowledge and understanding in this field.

NOTES

1. Philip H. Coombs, The World Educational Crisis—A Systems Analysis
(New York: Oxford University Press, 1968).

2. For further claboration of PPBS in education, see Harry J. Hartley, Edu-
cational Planning, Programming, Budgeting—A Systems Approach (Englewood
Cliffs, N.].: Prentice-Hall, 1968).

3. The Organization for Economic Cooperation and Development (OECD)
has produced a study of the data nceds for short-, middle-, and long-term
planning of cducational systems: Mcthods and Statistical Needs of Educational
Planning (Paris: OECD, 1967). Sce also Sherman C. Blumcnthal, Management
Information System: A Framework for Planning and Development (Englewood
Cliffs, N.J.: Prentice-Hall, 1969).

4. Scc ].D. Chesswas, Methodologies of Educational Planning for Develop-
ing Countries (Paris: UNESCO/LIEP, 1969) and OECD, Mathematical Models in
Educational Planning (Paris: OECD, 1967).

5. The evidence of M. Blaug et al. and M. Obaidullah to this effect is con-
firmed by our study: M. Blaug, .R.G. Layard, and M. Woodhall, The Causes of
Graduate Unemployment in India (London: Allan Lane, The Penguin Press
1969); M. Obaidullah, "“A Study of Employment Survey of Graduates,” Insti-
tute of Statistical Research and Training, University of Dacca, 1971 (mimeo-
graphed report).

6. For a detailed survey of manpower forecasting literature, see B. Ahamed
and M. Blaug, The Practice of Manpower Forecasting (San Francisco: Jossey
Bass, 1973).



CHAPTER

STUDENT FLOWS AND
STOCKS OF GRADUATES

PLANNING ENROLLMENT CAPACITY

Rational educational planning decisions, inasmuch as they are framed in eco-
nomic terms, rely heavily on information on demands and supplies. Demands
can be related to social demands or manpower needs, and in Chapter 4 of this
study we concentrate on the latter. Social demand arises from individuals who
want to be enrolled, while the manpower requirements approach starts at the
other end of the education system, considering the number of graduates needed
in the economy. Supplies, or numbers of graduates, are more easily measured
components of the system. In this chapter we examine supplies of graduates
trained in various technical fields in order to compare supplies with demands
for them, measured in terms of employment opportunitics.

Morcover, if planning is to be done effectively—that is, resources are allo-
cated so as to plan capacity of various kinds of schools optimally—within the
system itself, there must be a continuing analysis of how well the job is done.
A number of methods are being used to examinc educational efficiency (for
cxample, comparisons of numbers of entrants with numbers of graduates or the
length of time spent in the educational process) and these techniques and
measures arc necessary in the initial planning of institutions as well as in
monitoring their cfficiency once they are underway.

For planning, projections of training capacity are required. Forecasts should
include the supply of qualificd teachers to do the training as well as forecasts of
the physical plant capacity. Since teacher training requires a lcad time of several

8
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years, the demands for teachers several years in the future is closcly related to
the ability to predict the future flow of students.

Looking ahead to the decision model in Chapter 5, we see that for the
purposes of projection, simulation, and optimization, information on stocks of
graduates and flows of students is of great importance. We shall now proceed
to examine ways of looking at student flows and stocks of graduates.

MEASURING STUDENT FLOWS AND OUTPUTS

A variety of methods for measuring student flows has been proposed and
some are routinely used by organizations such as university planning offices
and government agencies that require analytical tools for decision making.'
These methods include defining measures such as student attendance, promo-
tion, graduation, and length of the interval of study that permit comparisons
among institutions and departments and the objective examination of their rel-
ative efficiencics. We have selected some that arc appropriate for the data most
generally available.

Measurements of Student Attendance

Student attendance in a particular institution or program is of interest in
terms of the way students move into, through, and out of a program from ycar
to year. For the purposc of analysis it is important to know the size of a class
throughout the year; also, one must be able to compare the number of students
ready to move on to the next class at the end of a year with those who must re-
peat the year’s work and those who drop out of the program. From such data,
rates of promotion, repetition, and attrition can be computed and used for
future proj-ctions. Typical problems that can be solved by using such rates are:
(1) How many students should be accepted at the beginning of a program in
order to producc a specified number of graduates at the end? (2) What are the
relative efficiencies of programs in various departments in tcrms of numbers of
successful graduates compared to numbers who enter?

We define the rates that we will use as follows:

Promotion rate: The proportion of students enrolled who pass the annual ex-
amination;
Graduation rate: The proportion of the number of students in the last class

{measurcd by enrollment) who receive the diploma; the graduation rate is.

the promotion rate for the last-year class;
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Input-output rate: The number of students who receive the diploma as a propor-
tion of the number of students enrolled in the first-year class at the time it
entered;

Repetition rate: The proportion of students enrolled who repeat in the same-
year class;

Dropout rate: The proportion of students enrolled st the beginning of a year
who drop out throughout the year.

In the later scctions of this chapter devoted to the Bangladesh case study, we
will show how certain rates are easicr to measure than others because of the
greater accessibility to certain kinds of data. For any practical uscs, choice of
one measure instead of another will depend upon the form in which data
ordinarily are collected.

Measuring Outputs of Educational Institutions and Stocks
of Trained Mzajsower

In order to be able to compare manpower needs and resources, knowledge
of the supply of trained manpower is essential. This knowledge may be acquired
through the use of census data, sample surveys, or records kept by the educa-
tional institutions themselves.

If the educational institutions being studicd are, as in the case of the
Bangladesh polytechnics, a group of similar, government-sponsored technical
schools, statistics on outputs of their graduates over time are relatively casy to
find. For other kinds of educational organizations or geographical groupings,
or a larger aggregation of institutions, the problems of collecting information
on graduates may be enormously complicated. But even with the relative homo-
geneity of the schools studied in Bangladesh, we found tha: statistics on en-
rollment and graduation among institutes differ vastly in availability and ac-
curacy. Most inaccuracies are caused by the fact that the statistics are taken at
different points in time. The enrollment figure for a specific class of a certain
program at a given institute will differ for different points in time of an aca-
demic year if there are any dropouts or if students can transfer between insti-
tutes and programs. Output data may differ because of the existence of
supplementary examinations. Candidates who 4o not succced at the regular
examination may be given a chance to appear at a supplementary examination
some time later. Often the results of these supplementary exams are not pub-
lished until after December 31 of the year in which the student—graduated at
the supplementary exam—finished his course work. In some statistics, these
graduates are added to the output of the next year. In others, the output of the
graduates from the regular and supplementary exam of the last year class of the
same year are added.
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Different definitions of the enrollment statistics are used for different pur-
poses. We use the expression “stock calculations” to signify the total supply of
graduates. For stock calculations, the definition of output is based on the time
when the graduates are available on the labor market. For calculations of the
efficiency of the education, however, we rely on the output of institutes of the
same cohort in the last-year class, including those who graduate as regular candi-
dates and those who pass the supplementary cxaminations later; and this is
independent of the time the graduates join the labor force.

ANALYZING STUDENT FLOWS—THE CONCEPTUAL FRAMEWORK

A convenient method of putting together quantitative information about a
system is a mathematical model. The relations that are found to describe the
dynamics of the system adequately can be put in a gencralized form and
quantified in mathematical equations. The set of cequations describing the sys-
tem can serve as a model of the complex interrelationships among the variables.

This approach has been found effective in getting an understanding of, and
cnabling a prediction to be made about, the educational system of a country
or parts of it. Different aspects of an educational system, that is, flow of stu-
dents, teachers, physical facilitics, teacher training facilitics, costs, etc., have
been shown to be quantified.

The making of mathematical models of educational systems is in a very
clementary stage as yet. Models represent crude and very simplified observa-
tions of the sy stem insofar as they vend to consider only the numerically
valued enrollment variables, gencrally in aggregated form. Little progress has
been made to date in quantifying the learning experience in the educational
system.?

The model can be used as a tool to simulate the behavior of a system. It
thus enables the planners and policy makers to assess quickly the effects of
policy alternatives on the system. The results obtained from the model, how-
ever, arc not definitive but only reflect the quantitative effects of the policy
upon a simplification of the real system.

We shall now describe a particular model of diploma courses in Bangladesh
polytechnic institutes.® (Also see the Appendix to this book for a gencral
description of polytechnics in Bangladesh.) Although the model was developed
for the specific Bangladesh case study, it is of general applicability. In the
present discussion it will scrve as an example of how the past expericnce of
studeni flows and stocks can serve educational planning nceds. Any such appli-
cation, of course, requires attention to details of data availability and realities
of the particular situation. In this case we must bear in mind the following
points:
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® Polytechnics offer a number of different technologies (also called courses or
programs) for the student seeking a diploma.

® Enrollment in a particular year class is determined by newcomers, promotees,
repeaters, and dropouts.

® Mobility between courses does not exist and has therefore been excluded
from the model.

® For practical reasons (no data available), we do not consider age to be an in-
fluencing factor in determining enrollment; educational flow rates are not
considered to be age specific as is done in other educational flow models.

For the time being, the distinction between students according to previous aca-
demic background has been disregarded.

The conceptual framework used in collecting information on the student
flow is shown in Figure 2.1. To fill out this diagram quantitatively as in the
Bangladesh study of polytechnics, the following numbers are required: new-
comers and transfers for cach year class; repeaters from the same institute in
cach year class; students who appear for the annual exams; students who pass
the annual exams; and promotees from the same institute in the second- and
third-year classes. Such information is not available as a rule from official gov-
ernment statistics and has to be collected from individual institutions.

In the model, a number of coefficients appear: promotion rates, repetition
rates, and dropout rates. These rates vary with time. For purposes of fore-
casting, it is nccessavy to explore the nature of these variations further.

Promotion and repetition rates are, by definition, time-dependent since the
characteristics of the student flow change in the course of time. The processes
and events that bring about the changes depend much on random variations. Of
course, a relation does exist between the standards set for the diploma examina-
tion and these rates; a deliberate change of cxamination standards has a pre-
dictable impact on the rates. Similarly, these rates are not independent of the
student-teacher ratio, student scholarships, student fecs, and the recurring and
nonrecurring expenditures per student. However, it is more difficult to quantify
and forecust the impact of all of these factors on the promotion and repetition
rates. Finally, fully random influences, such as the choices of individuals, are
impossible to predict with current knowledge of how people make decisions.
The decision to drop out after the successful completion of one year in order
to take a job or shift to another field is one result of individual choices. Addi-
tionally, there is another source of uncertainty introduced by such unpre-
dictable occurrences as strikes, wars, and natural catastro, hes.

Within the simple structure of this model, we limit oursclves to the use of
constant deterministic (nonrandom) student flow and attrition rates. These
assumptions were tested for our Langladesh case study by investigating the
time series of graduation, pass, and attrition rates; the rates were found to be
relatively constant over time.
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FIGURE 2.1

The Flow of Students in a Polytechnic
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The impact of the assumption of constancy and nonrandomness of flow and
stock equations on the deviation of predicted stock from actual stock and en-
rollment sizes will depend to a large extent on: (1) the length of the time period
over which predictions are made (in the Bangladesh study this period was seven
years); (2) whether major policy changes in finance, teaching methods, or gen-
eral course conditions have changed significantly over the planning period.

The best way to keep discrepancies between predicted and actual variables
to a minimum is by updating annually the parameters of the model according
to the actual values of thc variables in the last year. For example, average pro-
motion rates can be calculated over several years and adjustments made to this
average as new data are collected.

In defining in mathematical terms the rates that we will need for our analy-
sis it is arbitrarily assumed that the interval of education is threc years and
therefore reference is frequently made to first-, second-, and third-year classes.
This was choscn because of the length of the program in our Bangladesh case
study; the analysis could just as well apply to programs of any other specified
duration,

DEFINITIONS OF STUDENT FLOW RATES

Promotion Rates

The promotion rate is defined by the number of promotees in a year’s
classi + 1 (where i may be 1, 2, or 3) in year t + 1 (where t may be any year)
divided by the number of students enrolled in year class i in year ¢. In other
words, the proportion of students in a certain year's class who participate next
year in the next year’s class. If the promotion rate is 1, then all students par-
ticipate next year in the next year’s class. If the promotion rate is 0, no stu-
dents of a certain year's class participate next year in the next year’s class. In
mathematical formulation:

PP ;= (Pry , 1,i+ I)/(E"t,i) 2.1)
where PP is the promotion rate of year class i in year ¢
tei i+l is the number of promotees in year classi + I in year
t+1
E"t,i is the number of students enrolled in year class i in
year ¢.

The statistics of promotees of the third year class (Pr +1 4) is the number of

. . . o" .
graduates in ycar ¢, so we can universally apply the definition of the promotion
rate to all year classes, using the term graduation rate for the third-year class.
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N input-Output Rate
The coxi;‘biiu,jd promotion rate over all years can be expressed by the propor-
tion of studints‘entering in a year ¢ who complete the course (in two or more
years), in the following way:

pd; = (Prg‘4)/(E”t-3’1) (2.2)
This is called the input-output rate.
Pass Rate

The pass rate of year class / at time ¢ is defined by the number of students
enrolled in a year class i+ I at time ¢ + 1 divided by the number of students
enrolled in the year class i in year ¢ and is denoted by ps, ;. This can be
written as:

Psgi=(Engy g i PIEN;) (2.3)

The pass rate is not a very precise measurement of efficiency. The enrollment
of a year class is composed of promotees, repeaters, and newcomers from other
equivalent schools. The pass rate thus always exceeds the promotion rate if
there are repeaters and newcomers. There is little relation between numbers
of enrollees, repeaters, and newcomers. Pass rates may exceed the unity value
according to the definition. The difference between pass and promotion rates is
minimal tor expanding institutions, such as thuse in Bangladesh, because regu-
larly progressing enrollees are the greatest number in proportion to the total.
The difference is greatest in institutions that are decreasing their training capac-
ity because there are relatively few new enrollees progressing through the system.

Repetition Rate

If rn, ; i the repetition rate for students in year class i in year ¢, then rn ;
’ i . L
is defined by:

myi= Ry, 1, M(Eng ;) (2.4)
and R, ; is the number of students repeating year class i in year ¢.
Dropout Rate

If the number of students who drop out in a year ¢ from class i is denoted
by D, ; thenthe dropout rate d, ; is defined as follows:


http:stud'.ts

16 METHODOLOGY FOR PLANNING TECHNICAL EDUCATION
dy,i = (Dy JNEny ;) (2.5)
Relations between Rates
Since students either are promoted, repeat, or drop out it follows that
dpjtrngi+ppyi=1 (2.6)

If we know two of the three rates in the equation presented, then the third is
determined as well. Therefore, in student flow models we use only two of these
rates—generally the promotion and the repetition rate.

The input-output rate equals the multiplication together of the pass rates of
the first two year classes and the graduation rate of the following year. This
can be seen, if we write the input-output rate as follows:

pdt = (Ent + 1,2)/(Eﬂt'1) X (E”t + 2'3)/(Eﬂt + 1'2) X (Pft + 3'4)/(Eﬂt +2'3)
= (Pry 4 3,4)/(Eny 1) (2.7)

We recognize then that:

pay=pse  Xpsp s 12X ppey 2,3 (2.8)

The same value of the input-output rate may be acquired by different values of
the two pass and the graduation rates.

It was observed that pass rates are not precise measures for judging performance
and efficiency of institutions since pass rates include new entrants and repeaters
in numbers enrolled; input-output rates therefore suffer from the same defi-
ciency as they rely on the measurement of two pass rates.

STUDENT FLOWS AND MANPOWER STOCKS—
THE MATHEMATICAL MODEL

The most general mathematical description of the student flow in a three-
year class education system is in matrix form:
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rEnt+ I'I ] rfnt'l 0 0 [-Ent" rNt,;

Ems22 | = PPt ™ 0 X | Empp |+ | Nypa

En,, 2,3 0 ppr2 3 En, 3 Ny 3

| ; » . _ B _f
(2.9)

where N, ; is the number of new entrants in year class i in year ¢t (which con-
tribute to the enrollment in year ¢ + 1),
The equation for the second-year class (as an example) would look like:

Enpy .2 =pp;, 1 X Eng 1+ ™y 2 X Eny 5 + N 2 (2.10)

In other words, the students in year class 2 in year t + I are (1) the promotecs
from year class 1 from the previous year ¢;(2) the repeaters from year class 2
in the previous ycar ¢;and (3) the newcomers from other institutions. If the
model is used for individual institutions, we may take into account newcomers
into the sccond- and third-year classes. In this case the system is open, for it is
possible for new students to enter from other schools. Or the model may be
aggregated for all institutions of a certain type, in which casc the number of
new entrants into the second- and third-year classes would be zero. In the lateer
instance, the system is closed, since entry is impossible from any outside insti-
tutions.

The formulation given, however, does not account for the differences in the
student flow in different programs. We shall now develop a model for an educa-
tional system with three-year classes, different programs, and a first-year class
common to all programs. The description fits the courses offered at poly-
technics. By introducing the variable #y f 1o denote the fraction of promotees
from the common first-year class entering the program & we can bring indi-
vidual courses into account in the model. The enrollment cquation for a second-
year class in ycar ¢+ 1 then appears thus:

Eng 4 1,20 =1y p X ppy g X Enp g +rnyp X Eng o g+ Neok  (2.11)

The matrix equation describing the student flow in an institution with a number
of n programs then changes into the form given in Figure 2.2.
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The fractions Uy  are decision variables. The distribution of second-year
students over the different courses is determined by the available training
capacity in specific programs and can change considerably over time.

The ratios presumably change because of policy decisions based on the ex-
pected demand for graduates of a particular type. The ratios can only be
changed, however, by the creation of new training capacity in the second and
third years, since the transfer of enroflment capacity from one program to
another must be regarded as impossible; as far as teaching staff and equipment
are concerned, the course structures do not possess sufficient flexibility to ac-
commodate students from other courses. In addition, the admission capacity is
a policy decision based on anticipated demand. Thus the decisions on the frac-
tions #, ) and on admission capacity are not independent. Since the decision
variable and the enrollment variable are multiplied, the flow cquation is non-
linear. Nonlinearities are very awkward to deal with in using 1 model for the
purpose of forecasting or control But if we assume that specialization would
start in the first-year class (and thus no common first-year class would exist),
the only effective decision variable would be the admission capacity for cach of
the courses. Henceforth enrollment in second- and third-year classes would be
determined by the flow characteristics and would not be influenced by outside
decisions. Then the linear equation describing the flow of students, aggregated
over all institutions, can be presented in matrix form to be for each program k:

Eny 411k F""t,l,k 0 0 E"t,l,k1
E"t + I,Z,k = ppt,l,k r"t'z'k 0 X E”t,z,k
Enyy 1,3,k [0 PPtk ™3k | | Eny 3y
(2.12)
LAY
* [ Neok
[ Ne,3,

Notice that in this form the flow equations are of exactly the same type as
cquation 2.9. It is apparent that for the first-year class—which is common—
repetition and promotion rates across all programs are the same, or

PPyt = PPy, 1k
™My =ty gk (2.13)

for all k's and g's.
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Later in this chapter the model will be applied to the aggregated enrollment in
all polytechnics in Bangladesh. Since in that case immigration of diploma stu-
dents hardly occurs, we can safely put the values of the newcomers in the
second- and third-year class to zero:

Ne2k=Np3p=0 (2.14)
forall ¢ and k.
The output and stock have so far not been considered as part of the flow.

The same reasoning and same simplifications introduced earlier are applied to
the quantification of the output. The resulting equation is

Otk = PPt 3,k X Eng 3 (2.15)
where O, p is the output of graduates of program k in year t. The variable
PPy, 3,k represents the graduation coefficient of course k.

The stock of manpower is a result of the outflow from the training institu-
tions. The factors of retirement, death, or leaving the profession are taken
together in one coefficient, the attrition rate r¢ k Which has been attached to
the total stock of graduates of program k:

St,k= (1 "t,k)st-l,k+0t,k (2.16)
where S, ; is the stock of manpower of program & at time ¢. This means that

when an institution starts delivering an outflow of program k at time ¢ = 0
the total stock is supposed to be:

Stk=Opp* -1 p)Op g+ (1 "t,k)z XOp.op+U "t,k)30t~3,k

## (Lor ) X 0 g (2.17)

This results from expanding equation 2.16. Namely, S t- 1,k can be written as:

St-l,k=0t-l,k+ (I”t,k)st-Z,k (2.18)
Inserting this formula into the formula of S, gives:

St =Op e+ (1-rpp)Op g j+ (Lory 1028, 31 (2.19)

We shall now put to use the methodology described here to analyze flows
and stocks of graduates of the Bangladesh polytechnic institutes.
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STUDENT FLOW IN DIPLOMA COURSES AND STOCK OF
GRADUATES OF BANGLADESH POLYTECHNICS

A detailed analysis has been made of the student flow in diploma courses
given at polytechnics, according to the framework described. The aims of this
study are (1) to describe the student flow quantitatively; (2) to analyze the
efficiency of the different polytechnics in terms of student flow; and (3) to
forecast the future stock formation of graduates of polytechnics on the basis of
the targets for admission published by the Directorate of Technical Education
(DTE).

Quantitative Description of the Student Flow

Most of the data on enrollments in diploma courses used to assess output
and calculate the stock were acquired from secondary sources. The results of
the stock calculations have bezn presented in the Appendix. Since these sources
did not provide sufficient information to gain insight into the composition of
enrollments, in order to distinguish between first-time enrollees, repeaters, and
new arrivees from other polytechnics, detailed information was collected on
enrollments from ten polytechnics individually. The data requested concerned
the flow of students from 1966 up to 1970. This time series makes it possible
to follow a group of new entrants in 1966 throughout their polytechnic training.

The framework for collection of these data is sketched in Figure 2.1. The
number of new entrants in 1966 in the ten polytechnics surveyed was 1,062.
We shall first consider these new entrants as one cohort, while aggregating
technologies and institutes. For simplification, the numbers that we use in
Figures 2.3 and 2.4 (following the scheme of Figure 2.1) have been normed to
the base 100 of new entrants in 1966. Thus, any figure of repetition, promo-
tion, etc., applics to every 100 newly entering students in 1966. The student
flow of the 1966 cohort is recorded in Figure 2.3. In this figure the flows of
dropouts and repeaters to other institutes have been combined. The first block
of this figure then should read as follows:

® For every 100 new entrants (including repeaters from other polytechnics),
there werc 3.76 repeaters (who repeated at the same polytechnic), thus leading
to an enrollment at the start of the academic year of 103.76.

® Only 66.29 of these graduated successfully from the first-year class.

® Intotal, 31.54 dropped out before graduation; some of these may have
appeared as new entrants in other polytechnics in the year 1967,

® 5.93 repeated the first-year cluss in the same institution.
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FIGURE 2.3

Student Flow for Ten Bangladesh Polytechnics, 1966-69
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Figure 2,1 describes this
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® Of the 66.29 students (per 100 new entering students in year class one in
1966), 7.44 did not enter into the second-ycar class in the same institute, while
58.8% vontinued.

® On the other hand, 0.28 students arrived in the second-year class without
having been enrolled in the first-year class in the same polytechnic; this group
consists of both promotecs of the first-year class and repeaters of the second-
year class of other polytechnics.

® From the preceding two flows, we can conclude that at least 7.16 per
100 students admitted (a “net” figure derived from outflows of 7.44 and in-
flows of 0.28) left the group of polytechnics after successfully passing the first-
year class and dropped out.

The two other blocks can be read in the same way. We observe that the
throughput in diploma courses is low. For every 100 new entrants in 1966,
only 33.52 students managed to reccive the diploma three years later. The low
throughput rate is largely caused by the tack of “holding power” of polytech-
nics—mostly attributed to dropout rather than repetition. This observation doc-
uments the contention that polytechnics serve a good number of students as a
cheap and comfortable base for seeking employment. Once employment is re-
ceived, the diploma student simply leaves the polytechnic, whatever stage of
training he is in.

Among the 1,062 entrants, 121 students held a higher secondary certificate
(12 years of education) with a science background or a secondary school certif-
icate (10 ycars of cducation) with a science background and with high grades
(Ist or 2nd division) when they entered the polytechnics. Thus these students
had a superior academic background. The flow of these students has been indi-
cated in parentheses in Figure 2.3. The results for these students are much
better: the dropout in the second and third year is negligible and the through-
put rate almost doubles that for the total body of students. In Figure 2.4 the
student flow in the second- and third-year classes of the major technologies is
given for the institutions surveyed starting with a base of 100 promotecs to the
second class in 1967-68. It appears that chances for success are better in the
civil and power engineering technology than in the clectrical and mechanical
engineering technology. The flow of students with a science background is sim-
ilar in the four major courses. The proportion of science background students
is practically the same in the different technologies. These student flow charac-
teristics arc much the same among the polytechnics, with the exception of the
Swedish Pakistan Institute of Technology, which has few dropouts and rcpeaters.
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FIGURE 2.4

Flows of Students in Major Courses for Ten Bangladesh Polytechaics
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Admission Requirements and Achievement at the Diploma Examination

The preceding analysis looks at the student flow solely in terms of numbers
without quality distinctions. Now we shall take as a measure of quality the stu-
dent’s grade point average at the final examination in order to compare the
achievement with prepolytechnic background. The information required was
collected in the employment survey described in Chapter 4, which includes
academic as well as employment records.

The new entrants of polytechnic institutes can be split up into two groups:
one with Higher Secondary Certificates (HSC) and anorher with Secondary
School Certificates (SSC). The ¢ntrance requirements, published in information
folders of the polytechnic institutes, list preferences for HSC candidates of the
science type. Admission priority is given next to students with HSC arts qualifi-
cation with marks in math abovc 40 percent, then to SSC science candidates,
and last to SSC arts candidates with marks in mathematics above 40 percent.

In practice, 54 percent of the students comply with the minimum require-
ments, 29 percent of the students have an HSC, and 13 percent have an SSC
science background. In Table 2.1 a comparison is made between HSC and dif-
ferent types of SSC graduates according to their diploma examination results.
An SS5C background with more than 40 percent in math is shown from the
survey to obtain good final examination results. Of course, this survey only
considers successful candidates. No information is collected in this survey on
dropout and repctition levels according to academic qualification.

Given these relations betwceen final examination results and the basic aca-
demic qualifications, we should question the system of admission. The prefer-
ence for HSC candidates has been proven to be based on false assurnptions as
far as the results are concerned. It appears that the samie can be szid about the
choice of science students over art stud :nts within the two groups. The rele-
vance of the division obtained for the future employment position will be
shown in Chapter 4. There it will appear from the carnings function and the
time lag regression analysis that the division obtained at the diploma examina-
tion has little influence on the future career of the polytechnic graduate.

Efficiency in the Student Flow

The information summarized in Figures 2.3 and 2.4 has two major disad-
vantages for evaluating the efficiency in the student flow: (1) the data could
not be collected for all polytechnics; and (2) only one cot ort of students is
followed, while we would prefer to be able to make comparisons over more
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TABLE 2.1
Percentage Distribution of Diploma Examination Results of Polytechnic

Graduates in Sample by Academic Qualifications
{actual numbers in parentheses)

Div.1 Div.2 Others All
HSC 18 (9) 70 (35) 12 (6) 100 (50)
SSC science 16 (14) 76 (19) 8(2) 100 (25)
Arts with marks above 40 percent 17 (16) 77 (71) 6 (6) 100(93)
All others 18 (31) 74 (128) 8 (14) 100(173)

Source: Compiled by the authors. Henceforth in this book if no source is
mentioned, it will mean that the table or figure is from the authors’ own

rescarch.

TABLE 2.2

Student Flow Rates, 1966-69, All Polytechnics Combined

1966-67 1967-68 1968-69

Graduation rates (major technologies)

Civil 0.84 1.072  0.83
Electrical 0.39 087 0.56
Mcchanical 048 066 0.48
Power 0.44 1.05 0.74
Input-output rates (all courses) 0.38 056 0.36
Pass rates, first-year class (common course) 0.65 0.58 0.67
Pass rates, second-year class (major technologies)
Civil 095 097 nab
Electrical 087 085 nab
Mechanical 0.79 0.88 0.91
Power 0.83 0.89 0.82

gSome rates exg eﬁi 1.00 due to participation of external candidates.
n.a. = not available.
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years, However, the only other data available are total enrollments, from which
we cannot extract the repetition, promotion, or dropout rates i.. each year.
Therefore, we use instcad graduation, input-output, and pass rates. Table 2.2
gives a summary of these rates, computed over all polytechnics for the years
1966-69.

Graduation Rates

The graduation rates of the various institutions vary widely; occasionally
they exceed the value of 1. This occurs if external candidates (who are not en-
rolled) participate in the examinations. This happened on a large scale in the
dip'oma examinations of 1968, when a strikc had kept many students away
fiom the diploma examinations in 1967.

The graduation rates for the four major technologies have one rema-kable
feature: the rates for civil engineering at all polytechnics are consistently and
almost universally higher than the rates of the other technologies. It was found
that the graduation rates for civil engincering at Dacca Polytechnic exceed the
unity value for all years considered. This can only occur if students from other
polytechnics appear for the diploma examination in the Dacca Polytechnic.

Figure 2.5 depicts a sequence of graduation rates over a ten-ycar period. For
this sequence we reach the following conclusions:

@ The weighted averages of graduation rates over a period of ten years are
almost equal for the civil, electrical, and power technologies (respectively, 0.77,
1.76, and 0.76). The average graduation rate of mechanical engincering is con-
siderably less (0.60).

@ The graduation rates in the past ten years have shown heavy fluctuations.

® Deccreases and increascs in the graduation rates tend to occur jointly for
all major technologics.

@ The relatively higher graduation rate of civil engineering is a recent phe-
nomenon of the past three years.

Input-Output Rates

From computations summarized for all polytechnics in Table 2.2 it appcars
that the average values of the input-output rates are low (between 0.36 and
0.56). In the three years considered, some polytechnics (Jessore, Kustia, and
Rajshahi) show input-output rates consistently below the average of all insti-
tutes. Their internal efficiency must be regarded as comparatively low. Others
(Barisal, Pabna, and Mymensing polytechnic and the Swedish Pakistan Institute
of Technology) exceed the average in their performance.
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Pass Rates

As a substitute for the promotion rates, pass rates are used to judge the effi-
ciency in the first- and second-year classes. Pass rates for the first-year class are
more or less normally distributed over the three years considered, varying be-
tween 0.30 and 1.00. The pass rates have  fairly small range of variation com-
pared to the graduation rates. The standard deviations for the rates are small
and the distribution appears to be normal.

The aggregated pass rates of the sccond-year classes in the major technolo-
gies at all insti7utes over the past ten years (1960-69) merely show fluctuations
along steady averages, namely:

Civil 0.96
Electrica)- . 0.71
Mechanical 0.90
Power 0.85

Only the rates in electrical engineering have gone up slightly in the last three
years. The capacity for the training of electrical engincers has been increasing
at the same time. The increase in the pass rates thus reflects a real increase in
the promotion rates.

The sequence of the first-ycar pass rate, the second-year pass rate of the
next year, and the graduation rate of a third year might reveal something about
the comparative success of selection in the first-ycar class. Low pass rates in the
first year might indicate a more severe sclection system that would sort out at
an carly stage which students would be able to proceed to the diploma exami-
nations and which would not. The existence of this selection system in a par-
ticular polytechnic would be revealed by a scries of low pass rates for the first-
year class and a higher than average pass rate for the sccond-year class and
graduation rate. No evidence can be found from the tables to assume that, for
any polytechnic, such a relationship exists.

Student Flow and Stock Accumulation Rates

The data of Figures 2.3 and 2.4 and Table 2.2 provide a rich base for the
derivation of student flow rate.. Rather than going through the elaborate
process of statistically estimating from actual enrollments the rates that pro-
vide the best fit, we will use a less accurate but simpler method. The rates will
be estimated from the available pass rates and the student flow characteristics
of nine of the ten polytechnics for which detailed information has becn
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collected (the Swedish polytechnic has been excluded from the sample for the
obvious reason that its student flow characteristics differ substantially from
those of the other polytechnics surveyed).

By combining observations from both sources, that is, the sample of nine
polytechnics and the full list of all polytechnics, we can construct upper and
lower limits of the averages of the rates for application over a future period. For
the sample of nine polytechnics, means and standard deviations of promotion
and repetition rates were computed. These are used as benchmark figures to be
adjusted with the pass rates.

First-year promotion rates should be compared with the pass rates. The
mean of the promotion rates of the first-year class over the nine polytechnics
(0.66) exceeds the average pass rate for two of the three years recorded in
Table 2.2, while, by definition, the pass rate of a year class is equal to, or greater
than, the promotion rate. Thus the sample of nine polytechnics has introduced
a slight upward bias in the promotion rate of the first-year class. For the pro-
jections we will make the following educated guess for the first-year class:

pp; =0.60
with an upper level pp; = 0.75
and a lower level  pp; = 0.45

First-year repetition rates will be assumed to be

™my = 0.06
with an upper level ri; = 0.11
and a lower level my =0.01

Second-year promotion rates are found to be, as expected, lower than the
corresponding pass rates. The differences between the rates in different tech-
nologies seem to be exaggerated by the smallness of the sample. Promotion
rates for civil and power technologies resemble the pass rates if we take the
third-year repetition rate into account. We shall use the following promotion
rates, based on the promotion rates of the nine institutes and the longer-term
time series of pass rates:

Technology  Estimate Upper Level Lower Level
Civil 0.85 0.95 0.75
Electrical 0.75 0.85 0.65
Mechanical  0.80 0.90 0.70
Power 0.75 0.95 0.65

Second-year repetition rates will be considered to be the same for all major
technologies with the values:
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Mean my = 0.05
Upper level rmy=0.10
Lower level rmy = 0.00

The calculation of the graduation rates can rely on a ten-year time series of
Figure 2.5. These rates have varied considerably over the years, but the
averages have remained fairly constant. We will thus be satisfied with the rates
with a small variation for the upper and lower level:

Technology  Estimate Upper Level Lower Level

Civil 0.77 0.82 0.72
Electrical 0.76 0.81 0.71
Mechanical  0.60 0.65 0.55
Power 0.76 0.81 0.71

Third-year repetition rates have been estimated from the data sources to be

rm3 =0.10
with an upper level rm3 =0.15
and a lower level rn3 = 0,05

Testing the Flow Model for the Past

Before using the flow model for purposes of forecasting, we will first test
our Guantitative description by simulating the student flow in the past, using
the set of average rates derived beforc. The simulation only cxtends to the four
major technologies. The stocks predicted with the model will be compared
with the stocks based upon the actual outflows, as given in Table 2.3. The basic
input variables of the model are the number of students newly admitted to the
first-year class in cach of the technologics. In reality, in most polytechnics,
students do not opt for a specific technology until they have passed the first-
year class. The hypothetical number of newcomers in the first-year class in
each technology can be reconstructed from the total number of newcomers in
that class by means of the distribution of promotees from the first-year class
over the technologies of the second year. The total number of newcomers in
the first-year class has been equal to the admission capacity and is, as such, a
known variable. The number of promotcees, however, is not known over the
time period considered. Therefore, the following approximation has been used:
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newcomers in the first-year class in year ¢ in technology &

= (total admission capacity of the first-year class in year ¢)
X (enrollment in the second-year class in year ¢ + 1 in technology k
divided by the total enrollment in the first-year class year ¢).

or
Newcomers, j, = Total Capacity, ; X (Eny , g 5 p)/(Eny 1) (2.20)

This reconstruction docs not affect in any way the enrollment in the suc-
ceeding ycars, since the promotion and repetition rates of the first-year class
are equal for all (hypothetical) technologies. With these constructed numbers
we made a calculation of the stocks of graduates of the major technologies
based on assumed promotion and repetition rates. These calculations are re-
corded in and compared with actual figures in Tables 2.3 and 2.4. (The stocks
of 1965 of Table 2.4 include output of 1965 [1964-65] and thus should be
compared with the calculated stock of 1965-66. The stock of 1970 of Table
2.4 does not include output of 1970 [1969-70] and is comparable with the
calculated stock of 1969-70.)

We note from this comparison that virtually all calculated stocks are lower
than the corresponding actual stocks. This means that our calculations have
been downwardly biased by the choice of rates. However, for the later years
(1965 onward), the difference between the calculated and the actual stock
decreuses slightly for all technologies considered. This corresponds with the
fact that the calculated total outflow of 1966-69 exceeds the actual outflows
slightly in all technologics. The minimal difference between the actual and the
calculated outflow 1966-69 is striking:

Total Outflow 1966-69

Calculated Actual
Civil 1,461 1,424
Electrical 330 314
Mechanical 591 587
Power 805 754

This means that—while the choices of the rates were quite appropriate for the
later years (and even somewhat too high)—in the earlier years the enrollment
rates must have been considerably better. That the change in enrollment rates
is not random can be seen from the fact that virtually all calculated stocks in
1965 are lower than the actual ones.*

To illustrate the use of upper- and lower-level rates, we have also simulated
the flow of students for the two patterns of combination of rates, a maximum
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TABLE 2.3

Simulated and Actual Enroliments and Stocks, 1955-70
(Average Rates), Civil and Electrical Engineering

Simulated Simulated Actual Simulited Actual Simulated Actual
Year Class 1 Class 2 Class 2 Class 3 Class 3 Stock Stock

Civil Engincering

1955 33 0 0 0 0 0 0
1956 47 20 27 0 0 0 0
1957 152 30 32 17 26 0 0
1958 156 94 112 27 34 13 20
1959 151 103 98 83 95 34 40
1960 168 101 112 96 97 98 140
1961 140 111 141 95 106 171 230
1962 481 95 171 104 123 242 229
1963 600 298 319 91 211 320 360
1964 769 390 390 262 436 387 569
1965 664 500 466 358 460 585 789
1966 614 448 420 461 479 855 1,032
1967 823 413 354 427 399 1,201 1,427
1968 535 429 394 358 1,518 1,887
1969 494 1,806 2,148
1970 2,168

Electrical Engineering

1955 36 0 0 0 0 0 0
1956 26 22 29 0 0 0 0
1957 38 18 17 17 28 0 0
1958 26 25 27 15 17 13 23
1959 49 18 16 20 23 24 34
1960 38 31 37 16 19 39 64
1961 35 26 31 25 27 51 79
1962 84 24 43 22 27 69 70
1963 155 53 55 20 39 85 121
1964 205 98 102 42 55 99 150
1965 170 133 125 78 85 130 197
1966 284 115 108 108 123 188 267
1967 424 182 169 97 93 268 314
1968 267 222 146 145 339 407
1969 229 447 500
1970 617

Note: Blanks appear in the table since the simulation has been carried be-
yond the year for which actual data was available at the time of the study.
Source: Directorate of Technical Education, unpublished documents.
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TABLE 2.4

Simulated and Actual Enroliments and Stocks, 1955-70
(Average Rates), Power and Mechanical Engineering

Simulated Simulated Actual Simulated Actual Simulated Actual
Year Class1 Class2 Class2 Class3 Class 3 Stock Stock

Power Engineerin

1955 21 0 0 0 0 0 0
1956 40 13 17 0 0 0 0
1957 42 25 28 10 16 0 0
1958 42 28 30 20 25 8 15
1959 44 28 26 23 26 23 34
1960 39 29 32 23 20 40 64
1961 65 26 32 24 34 57 81
1962 238 42 83 22 65 75 80
1963 357 147 158 34 - 70 91 157
1964 473 229 234 114 137 116 216
1965 581 307 278 183 184 201 316
1966 577 379 378 249 235 338 411
1967 717 384 334 309 287 524 506
1968 469 372 319 298 764 897
1969 384 999 1,044
1970 1,282
Mechanical Engineering

1955 30 0 0 0 0 0 0
1956 14 18 24 0 0 0 0
1957 16 10 9 14 24 0 0
1958 31 11 11 9 9 8 20
1959 41 20 21 10 12 13 27
1960 39 27 31 17 18 19 43
1961 52 26 33 23 27 29 60
1962 122 34 66 23 63 43 59
1963 236 77 80 29 61 56 122
1964 373 149 157 64 88 73 172
1965 514 239 228 126 139 111 256
1966 649 332 343 204 196 185 341
1967 686 423 381 286 279 306 442
1968 454 353 368 335 475 658
1969 400 691 829
1970 924

Note: Blanks appear in the table since the simulation has been carried on
beyond the year for which actual data was available at the time of the study.
Source: Directorate of Technical Education, unpublished documents.
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and a minimum output pattern. If we combine constant upper levels of the
promotion rates with lower levels of repetition rates, then the output of gradu-
ates as generated by the student flow model will be maximal. The rates given
before, however, when combined in this pattern, do not always meet the natural
limit that the sum of promotion and repctition rates should not exceed one. In
those cascs where the two rates exceed one we will adjust the repetition rate so
as to satisfy this limit.

The opposite of the first pattern, consisting of constant lower-level choices,
thus leads to a minimum output. Any other possible choice will render an out-
put in between the margins set by the two extreme patterns of choice.

Maximum and Minimum Output Patterns

The student flow model is designed to serve educational policy makers and
administrators by making it possible to simulate decisions on admission capaci-
ties. Thus one may assume certain levels of outputs and calculate backward
through the model for the required inputs.

The usefulness of the model depends on its precision, largely determined by
the rates applied. In this scction we focus on the precision by considering the
most optimistic and pessimistic assumptions on enrollment—corresponding to
maximum and minimum output patterns for determining the limits of the
actual enrollment. The maximum and minimum output pattern calculations
are presented in Table 2.5.

From the table we conclude that

® for all four major technologies, enrollment has been near the upper-level
rates in the period 1955 to 1964-65, but that the rates have been falling to
average levels in the period 1964-65 onward;

@ if a policy maker had used the model with average rates in 1955 to cal-
culate the stock 1969 he would have received an estimate that was not close to
reality.

The degree of precision could have been improved under the existence of
the proper management information system. This system would have indi-
cated that the average rates werc too pessimistic for the period 1955-65 and
would have caused the calculations to be adjusted. The necessity to organize
this “feedback” from actual data to the model cannot be stressed enough as a
major instrument to ensure the uscfulness of the model.
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Simulation of Manpower Accumulation—Maximum and Minimum

TABLE 25

Output Pattern, Major Technologies, 1955-70

Civil Electrical Mechanical Power
Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum
1955 0 ] 0 0 0 0 0 0
1956 0 0 0 0 0 0 0 0
1957 0 0 0 0 0 0 0 0
1958 20 8 19 8 14 5 12 4
1959 53 19 38 14 24 7 39 12
1960 148 56 63 22 34 9 69 20
1961 261 94 83 27 50 14 100 28
1962 374 130 113 37 72 21 131 36
1963 496 170 140 44 95 28 160 43
1964 503 202 165 51 124 37 204 56
1965 904 317 214 68 185 58 349 165
1966 1,321 459 307 99 305 98 589 178
1967 1,860 642 437 141 501 161 9215 274
1968 2,361 797 558 175 778 248 1,321 392
1969 2,818 938 734 232 1,135 358 1,740 508
1970 3,383 1,128 997 318 1,527 473 2,239 651




TABLE 2.6

Simulated Enroliment; Distribution of Admission Capacities over Technologies as in 1968

Lower Level Average Level Upper Level
Year Class | Class2 Class ¥ Stock Class | Class 2 Cilass 3 Stock Class 1 Class2 Class 3 Stock

Civil Engincering

1968 930 370 285 1,700 971 529 341 1,720 1,013 035 396 1,740
1969 948 418 292 1,888 997 635 484 1965 1050 792 663 2,047
1970 948 427 328 2,079 999 662 588 2,318 1054 827 852 2,570
1971 1,048 427 337 2,294 1,099 666 622 2,748 1,155 832 913 3243
1972 1,055 472 337 2,514 1,011 726 628 3,199 1,172 908 927 3959
1973 1,281 475 371 2,731 1337 739 680 3,651 1399 924 1,002 4,680
1974 1,713 576 375 2971 1,780 876 696 4,138 1,854 1095 1,028 5455

1975 7 451 3.211 1,156 814 4,633 1445 1,194 6,243
1976 601 3,504 1064 5213 1,552 7,160
1977 3,902 £,980 8,361

Electrical Engincering

1968 484 191 114 377 505 271 136 382 527 335 158 386
1969 507 218 130 454 532 330 217 482 560 429 308 510
1970 507 228 148 542 534 352 269 642 564 463 411 754
1971 545 228 156 642 572 356 291 840 602 469 455 1,079
1972 548 245 156 746 577 379 296 1053 609 498 467 1,437
1973 667 247 167 849 697 384 314 1,267 729 507 493 1,801
1974 891 300 169 " 959 926 457 319 1,493 964 597 505 2,182
1975 401 203 1,069 601 375 1,721 783 583 2569
1976 271 1,202 488 1,989 753 3016
1977 1,382 2,340 3,596

Mcchanical Engincering

1968 1,076 309 281 591 1110 450 333 605 1,144 553 385 733
1969 1,101 484 230 740 1,157 711 393 799 1216 913 555 1,017
1970 1,101 495 3so 859 1,159 765 608 1,027 1224 1,003 905 1,477

1971 1,215 495 364 1,043 1,274 772 673 1,382 1,33y 1018 1038 2152
1972 1,224 547 365 1,233 1,288 842 685 1,772 1,359 1,106 1,072 2894
1973 1,484 $51 401 1421 1,549 857 742 2,165 1,621 1,130 1,156 3,645
1974 1,985 668 406 1,627 2,063 1.015 760 2,589 2,148 1.329 1.190 4,453

1975 893 488 1,834 1,339 888 3,019 1,744 1375 5275
1976 649 2,084 1,160 3,522 1,776 6,229
1977 2,420 4,183 7.474

Powcr Engincering

1968 964 323 231 705 1,000 464 279 719 1036 554 360 733
1969 986 434 221 862 1036 646 376 924 1,090 8u5 580 1,017
1970 986 444 293 1,010 1038 686 522 1,201 1,096 858 852 1,477
1971 1,091 444 303 1,208 1,143 691 567 1,586 1,202 865 943 2,152
1972 1,098 491 Jo4 1411 1,156 755 575 2,001 1,219 945 963 2,894
1973 1,331 494 334 1.613 1,389 769 624 2418 1,454 962 1,042 3,645

1974 1,781 599 338 1,834 910 639 2868 1928 1,139 1070 4453
1975 801 406 2,056 746 3,325 1.503 1,243 5275
1976 541 2,324 3 859 1,614 6,229
1977 2,685 7474

Note. Blanks appear in the table since the simulation has been carried forward b~ snd the ycar for which
projected data for admissions was available at the time of the study.
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Forecasting the Future Student Flow and Manpower Accumulation

The tests of the model show that the promotion, repetition, and stock sur-
vival (one minus the attrition rate) rates have been declining in the years 1955-
68 from somewhere near the upper level to somewhere near the average level.
The average level proves to be a quite satisfactory choice of the enrollment
rates for the years 1966-69. The forecasts thus concentrate on extrapolations
of the student flow along the average level. They rely on data on the future ad-
mission capacities published by the Directorate of Technical Education.

These tables do not give any clue as to how the total admission capacity will
be spread over the different technologies. For projections we assume that the
distribution of the total admission capacity over the courses remains constant
on the 1968 level. The enrollment and stock projections for this simulation are
given in Table 2.6.

It has been shown, however, that the distribution of the ““admission capaci-
ty” over the courses has been changing. We have also indicated that most often
a change in the distribution occurs only by increasing the total capacity.
Extreme changes in the distribution of the capacity over the courses then occur
if all newly created capacity is allocated to one technology.

A sensitivity analysis on the distribution of the admission capacity over
technologies was worked out for average output patterns. From this analysis it
was apparent that if the distribution of capacity changes drastically, the projec-
tions on future enrollments have to be entirely revised.

SUMMARY

We have now shown ways to measure the student flow quantitatively through
promotion, input-output, pass, repetition, and dropout rates. Thesc measure-
ments are useful for two purposes, as was exemplified for polytechnics: (1) to
evaluate and compare cfficiency in educational institutions, and (2) to project
future flows of students and corresponding stocks of graduates and to simulate
etfects of changes in the flow rates and admissions. In the decision model for
technical education, the student flow model shall be further put to work to
arrive at optimal resource allocation patterns.
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NOTES

1. See Russell C. Davis, Planning Human Resource Development (Chicago:
Rand McNally, 1966); and Hector Correa, Quantitative Methods of Educational
Planning (Scranton: Intext, 1969).

2. The efforts made by economists are generally classified under “‘educa-
tional production functions.” For a survey article, see S. Bowles, “Towards an
Educational Production Function,” in Education, Income and Human Capital,
ed. W. Lee Hansen (New York: Columbia University Press, 1970), pp. 11-61.

3. For a longer discussion of this study, see the report by J.M. Ritzen, “A
Study of Polytechnics in Bangladesh” (Berkeley: Program in International Edu-
cation Finance, University of California, 1974) (mimcographed report).

4. This phenomenon can be interpreted in two ways: as a result of outside
influences or becanse of “‘diseconomies of scale,” that is, the increase in num-
ber has produced lower internal efficiency.



CHAPTER

COSTS AND FINANCING
OF TECHWNICAL
EDUCATION

DECISIONS ON COSTS AND FINANCE

A central part of planning technical education is the set of decisions that
must be made concerning the levels of spending and the sources of revenue. W
shall now look at this monetary aspect of education planning—that is, the con
sideration of the costs and the financing of institutions of technical education

Every government, regardless of its form, must make numerous decisions
on revenues and financing of the systems it contains. A first decision has to be
made on whether public resources (taxes) should be made available to the
system. I the system deserves public financing, a wide spectrum of choices be
comcs available: What should be the private contribution of the users of the
service as opposed to the public one? How should the public revenues be gen-
erated? Should the system not only command public support but also require
public control, then the government must decide on the extent of the capital
outlays and the recurring costs of the system.

Decisions about finance and costs depend, of course, as do other govern-
ment decisions, on the priorities that attach to various programs. Such priori-
ties are sct by an intricate political process and certainly do not rest on eco-
nomic decision making alone. If policy makers and planners do want to weigh
alternatives economically, however, they have at their disposal such methods ;
cost bencfit and rate of return analysis that connect program expenditures wii
evaluation of their successes.

In this study we concentrate on technizal education, that is, education for
specific vocational purpose; but the anziysis of costs and finance is little
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different from the study of other sectors. Compared to multipurpose educa-
tion, technical education is relatively easy to evaluate as the motives involved
in its establishment arc relatively well defined in terms of measurable economic
objectives, and the schools and programs are generally separated from the rest
of the educational system. In contrast, if we were studying primary and scc-
ondary education we would have to look at a mixture of objectives—literacy,
citizenship, access to the better life, etc., that are relatively difficult to measure.
The external performance of the technical education system therefore needs to
be assessed quite differently from other education systems. But cost and
finance analysis are essentially part of the evaluation of the internal functinn-
ing of the systemi~and that is not very diffcrent for different typcs of educa-
tion. An exception should be made here with respect to the possible forms of
financing for technical education. The unique goal of technical education sug-
gests the possibility that the employers of the output of technical education
also pay for the training. Since the employers of technical education graduates
are quite well defined, that is, modern industries, a special tax levy estimated
for technical education becomes feasible. Such taxation schemes are used for
example in Latin America.

FINANCING EDUCATION

There are many possible financing patterns available for any type of educa-
tion. This is not the place to explore this topic in detail, as many exccilent
studies of school finance have been made.! It is important for the purposes of
this study, however, to note that decisions about financing, if made with know!-
edge about the education process (its efficiency, throughput, applicability to
its goals) can lead to wiser application of resources. To summarize briefly, the
planner of schools under public control faces a number of alternatives in edu-
cational finance:

1. What should be the level of public support as compared to the private con-
tribution?

2. Which methods are chosen to collect the private contribution; should tuition
fees be levied; should the government contribution be of a “matching grant”
type, prorated on the private contribution?

3. Should special taxes be earmarked for the schools considered, or should the
public contribution come from the general fund?

4. How centralized should the public support be and what should be the
respective financial support level at the municipal, county, state, and fed-
eral level (or comparable geographical aggregates)?

Vhile brief, this list provides the essentials for describing a finance system
as it operates, as we do for polytechnics in Bangladesh in the Appendix.
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COST ANALYSIS

For rational planning purposes, detailed costs of educational programs must
be calculated. The degree of detail must be sufficient to examine all important
parts of a type of education such as the costs of mathematics versus reading
programs for primary schools, or the costs of the electrical versus power en-
gineering program for a polytechnic, or to compare the different schools that
offer a certain program. Also these costs should be known by institute where
the program is offered and by year class (grade level). Such detailed cost infor-
mation can be acquired without too much difficulty if: (1) programs are dis-
tinct and facilities are not shared; (2) budgets are separated from other types of
schools and therefore cost data can be isolated more casily. But if these condi-
tions do not hold—as is usually the case—serious problems arise. Statistical
estimation may be feasible, however, as we shall explore in the section on cost
analysis.

Information about costs is gencrally provided in aggregated form—that is, by
yearly expenditure for certain categories. For planning purposes, information
is most valuable in terms of costs per student place or costs per graduate. If
there are economizs of scale, that is, advantages in larger programs, they must
be recognized in order to plan for the most efficient size.

Capital and recurring costs are usually separated in school budgeting, and, in
many settings, funds for capital items come from quite different sources than
funds for recurring costs.

Capital costs generally include land, new construction, materials and equip-
ment, books, and athletic equipment, those items that last more than one year.
Often, however, the definition of capital costs is further confined to include
only new construction and cquipment that lasts at least a few years. All other
costs are assigned to the recurring cost budget. Recurring costs (also called
current or recurrent costs) arise every year. The largest item, by far, of
recurring costs is that of teachers’ salaries.

Unit Costs

The single most important type of infurmation for educational decision
making is knowledge of unit costs, that is, the costs per student and per gradu-
ate. Decisions on increasing or decreasing capacity of a certain program require
accurate knowledge of the costs per student and the costs per graduate by
program.

In order to arrive at the total unit costs of, say, polytechnic education, one
has to calculate both capital and recurring costs per student of the polytechnics.
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With the information on the student flow one can derive the unit costs per
graduate from the unit costs per student. Let us first look at the simplest

case, where the unit costs per student are constant over all grade levels (year
classes). Multiplying the unit costs per student with the number of student
years it requires on the average to turn out a graduate gives the per graduate
costs. If no dropout or repetition exists, this factor is simply the number of
years of the training coursc. Under conditions of dropout and repetition, one
can compute the average number of student years from a longitudinal student
flow profile, that is, the number of graduates in year ¢, to be denoted by O,,
the number of students in the last year class (grade ») in the same year ¢, the
number of students in grade #- 1 in year ¢-1 or in general the number of stu-
dents in grade n-i inyear -1, to be denoted by Eny iy -i- The equation for
the average number of student years per graduate A is then:

n-1
A=O/NZ Eny_jp.;) 3.1
1=0 !
Capital Costs Per Student

Undoubtedly, the attribution of the costs involved at one point in time to
purchase a capital good over student gencrations is a most difficult procedure,
in which mistakes are often made. Besides, there does not exist a unique
method unless it is done ex post for a capital item that has in the meantime
been replaced. It is essential for the attribution of capital costs over several
generations to know the depreciation trajectory over time and the salvage value
of a capital item. Since such knowledge is not available ex ante, assumptions
have to be made.

Obviously, it would Lic rroncous to find capital costs per student by divid-
ing capital costs of one yuar over the number of students in that year. Al-
though such a method is incorrect, examples of it are frequently found, includ-
ing one in Bangladesh. In our study of Bangladesh polytechnics we have learned
that the Planning Department provided some statistics on per pupil capital
costs in the Manpower Planning Study.? Thesc statistics arc calculated as fol-
lows:

1. the maximum enrollment capacity of the institution just before the com-
mencement of the development scheme;

2. the maximum enrollment capacity after the completion of development;

3. the money spent through the devclopment scheme is divided by the addi-
tional enrollment capacity, that is, the maximum enrollment in (2) minus
the maximum enrollment in (1), to get the per capita capital costs.

The per student capital costs, in the above procedure, are the one-time equal
distribution of the total additional capital costs over additional enroliment



44 METHODOLOGY FOR PLANNING TECHNICAL EDUCATION

capacity, or the capital costs per enrollment place. This place may be filled for
many years by different students without new investments (capital costs).
Hence, this procedure of calculation inflates the capital cost figure if it is taken
on a per student base at a particular time.

In order to distribute the capital investment per enrollment place evenly
over the students throughout the period of service expectancy of the facilities,
the following approach can be used: The initial capiral costs plus the mainte-
nance and repair costs for a particular facility during the expected period of life
expectancy of the facility may be divided by the total number of students
served during that period in order to obtain per capita capital costs or costs for
that facility, taking into consideration interest rates during the period. This is
the same as taking the current rental value for a year and distributing that over
the enrollments, that is, calculating the “imputed” rent per pupil. The calcula-
tion of the rental value of a capital good in a ycar according to the above pro-
cedure is described mathematically by the following equation:

n .
RI(1+n)'=C(1+1r)" 3.2)
i
where
R = imputed rent per ycar (in constant prices of base year)
i =index of years, 1,2,...,n

n = number of ycars of the facilities in service
r =discount rate (constant over n)
C = setup costs of the facilitics.

This means that, if an amount of money equal to the costs of the facilities
were kept in a bank for the period during which the facilities would be in ser-
vice, the total amount thus obtained at the end of the period would be equal
to the accumulated annual rent of the facilities over the same period and at the
same rate of interest. Thus we depreciate the total cost of the capital facilities
in terms of annual rent over an assumed period of life of the facilities.

The assumptions made in the calculation of the capital costs as in equation
3.2 concerning the depreciation trajectory and salvage value arc that no depreci-
ation takes place until the final ycar of usc of the capital good, when the good
depreciates 100 percent and the salvage value is zero. Alternatives to this pro-
cedure arc a straight-line depreciation (with a conscant annual percentage) or
an exponential depreciation (where the annual fepreciation rate changes over

time). o
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Recurring Costs Per Student

Recurring costs per student arc acquired more casily, if a proper bookkecp-
ing system exists and the bookkecping data arc available. Minor problems may
arise. Items to be classificd as “‘recurring costs’” may differ between institutes
and programs. Certainly there is no standard definition as some include mainte-
nancc and repairs, some, equipment, some, books, and the like. Thus the first
problem in discussing recurring costs is to agree on what this budget item con-
tains. Then, in order to calculate recurring costs per student, it is necessary to
agree on how to calculate enrollment figures and when recurring costs per
graduate are perhaps a better basis of comparison.

It may be difficult to obtain reasonably accurate figures for technical edu-
cation on recurring costs per student by program and its components since
separate financial records may not be kept for separate programs, and defini-
tions of categorics of spending differ.

Although the same facilities may be used by different programs, another
source of difficulty in comparing unit costs exists because there may not be
data on how much cach program uscs the common facilities. Dividing costs of
shared facilites equally between categories of users may lead to inaccuracies.
We will now explore a statistical method to decompose total costs into unit
costs per program per student if no detailed cost data are available. In order to
do this estimation, it must be assumed that recurring costs are additive, that is,
that the total costs equal the sum of the parts or the separate budgets by
technology. Additionally, it may be assumed that the foundation costs are the
same for cach institute considered.

If, in total, m programs have been distinguished, then

m
RC,‘=k§1R,‘k + RC, (3.3)
where
RC; = total recurring costs of institute i
Rjp = costs of program k in institute i
RC, = overhead costs, independent of enrollment or of institutes.

It is possible to specify other relationships between the total costs—for example,
assuming complementarity rather than additivity. This we have not done here.
If no economies or diseconomics of scale exist, then in the long run the average
and the marginal costs per student would be cqual and independent of the
number of students enrolled. The total costs of program & would be equal to
the number of students, E;p, in that program multiplied by the costs per stu-
dent, or
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Rip= Ejprp (3.4)

where rp, are the costs per student in technology k. Inserting equation 3.4
in 3.3 gives

m
RCi=k21E,'krk +RC, (3.5)

In equation 3.5, the values of RC;, total recurring cost for institute i, and Eg,
number of students in institute studying in program k, are known. The
parameters, rp,, costs per studentin k (k = 1,2,3, . . ., n), and RC,, over-
head costs, are the (n+ I) unknowns to be estimated.

Thus we consider cvery recurring cost figure of an institute to be an obser-
vation of a process of cost formation of the following nature:

Yiscoxppag+xppap+. .. + X1y +u

Y, SCHXQUAp + X280+ o F Xy + 1)

(3.6)

Yn=ctXxpjag+xppa+. ..+ Xy, + uy
or in vector form:

y=c+XA+u 3.7)
where

Xjk = Ejp and x isan n X m matrix

ap = rg and g isa column vecior of dimension m

Y; = RC;and y is a column vector of dimension n

¢ = RC,
while

u; = disturbance termand u is a column vector of dimension 2

= number of programs
n = number of polytcchnics observed.

Now ‘we have translated the problem of calculation of the recurring costs
per student per program into a linear, multiple regression problem.
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Since the original assumption of no overhead costs is unrealistic, we can now
allow for the actual economies or diseconomics of scale in costs per program &
mathematically by an elasticity factor by such that

Rif = kB (3.8)

where 7, is a constant. The number of institutions in the sample places restric-
tions on the number of variables to be estimated. It will therefore often be
necessary to assume the same clasticity b for all programs.

This clasticity can be considered a scale factor. [t represents the percentage
change in the costs of program & in institute 7 when the enrollment changes
by 1 percent. If by is greater than one, discconomics of scale exist; when by,
is less than one, marginal costs per student decrease with the number of stu-
dents enrolled. In the section entitled *Private Costs of Diploma Students” we
shall usc this technique of estimating costs for Bangladesh polytechnics.

BANGLADESH: EXPENDITURE DATA

Capital Cost Data

Most data available on the costs of polytechnies are accounting data, com-
patible with the finance process, described more in detail in the Appendix. The
most reliable but Icast useful data are the aggregate statistics from annual plans
on capital allocation to the polytechnics and amounts spent during previous
years.

There are no published data on these amounts detailed by item nor by indi-
vidual polytechnic. Such data are not part of the accounting structure. The
only reliable regular source of detailed information is the Communications and
Buildings Department and the Supply Dircctorate.

Recurring Cost Data

Recurring cost data are kept at the source of spending, that is, the individual
polytechnic. The polytechnics, however, only keep data specified by item, not
specified by program. Within the premises of the polytechnics a range of pro-
grams is offered: diploma courses of three years' duration in several technolo-
gics, certificate courses of two years’ duration in several technologics, and
sometimes also a variety of one-ycar courses. The mix of student participation
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in the different programs varies throughout the polytechnics. No scparate
financial record is kept for these separate programs.

Unfortunately the definitions of categories of spending varies among the
polytechnics, which complicates comparisons between the costs of different
polytechnics. Additionally these definitions vary within the government
bureaucracy and thus recurring cost data from different sources on the same
item arc different. This faet explains part of the internal inconsistency in some
of the sets of figures reported.

Data Sources

Three sources of data were used in this study. Data on total expenditures
per polytechnic were taken from the annual plans of the Planning Department.
More detailed data on finance was available from a survey of the polytechnic
institutes conducted by the Institute of Education and Research (1ER), Uni-
versity of Dacca, in 1968-69. The questionnaires of this survey (for 1964-67)
were made available to us as an alternative source of data from the polytech-
nics. As a third source the Manpower Planning Report was available. In this
report, data on capital and recurring costs per student are available.?

Information from the 1ER survey was several years old but we had to de-
pend chiefly on this source, since it was the only one available on the financial
aspects of the individual polytechnics. Although the returned questionnaires
were helpful in our study, they would be quite inadequate for specific decision
making for polytechnic planners.

PER STUDENT AND PER GRADUATE COSTS

Capital Expenditures

Capital costs include new construction and cxpansion of physical facilities
like buildings, land, ctc., instructional materials and equipment, library books
and materials, and athletic cquipment. Any other categories of expenditure
except for the purchase of land have been classified in the recurring budget.
Costs of the purchase of land are excluded from our cost calculations. To the
best of our knowledge no records of these land purchases tor polytechnics are
available,

In the annual plans of the Planning Department of the government of East
Pakistan (now Bangladesh), allocations for all development projects (that js,
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capital investment projects) dealing with polytechnics are mentioned. The an-
nual plans do not mention for what purpose or on which items these resource
allocations were made nor is any other such information found to be published.

Yearly capital expenditures may vary greatly among polytechnics because of
differences in investment schedules under which the polytechnics were estab-
lished and expanded and differences in treatment of data. Morcover, if one
compares actual capital expenditure to allocations made to the polytechnics
during the Third Plan, a wide discrepancy is observed. In the Third Plan, for
example, for 1965-70 for 15 sclected polytechnics studies, 46 percent of the
total amount allocated was spent. This proportion varied from 9 percent to
102 percent for individual polytechnics during that period. Several reasons ac-
count for these discrepancies:

1. Although allocated in the plans, the capital was not always made available
at the critical stages of construction or purchase of cquipment, thus leading to
delays and, in the longer run, to low rates of actual expenditure as a proportion
of atlocated funds.

2. During the plan periods, resources for education were often diverted to
other sectors.

3. There was a basic incapacity of the individual polytechnics and the sys-
tem to absorb funds allocated, because of inadequate organization or simply
overallocations.

Using the analysis of the section called “Cost Analysis,” we compute capital
costs per student and per graduate under the assumptions that the rate of
interest is 5 pereent per annum and that the average length of service of educa-
tional facilities is 40 ycars and 30 years.

The capital cost data of the Planning Department of the government of East
Pakistan (now Bangladesh) have been used for the computation of imputed
rental values. The per-pupil cost figures on differenc items of capital costs ob-
tained by the above procedure are shown in Table 3.1, It is interesting to com-
pare these with the per-pupil costs for buildings and equipment in terms of
imputed rent for the Engincering diploma education in India, which was only
166 rupcees (Rs.166) in 1965-66. (Indian and Pakistani currencies in 1965 were
similar; in both countries the rupee was roughly cquivalent 1o $.20.)

The transformation of per-student to per-graduate capital costs requires
knowledge of the average number of student years it takes to produce a gradu-
ate. The duration of the diploma courses is three years, but, during the pro-
gram, many students drop out, while others repeat. We find that, for every 34
students graduated in 1969, 225 enrollment places were occupicd during the
period 1966-69.* This means an average of 6.6 enrollment places per graduate.

All figures of Table 3.1 are to be multiplied with this factor 6.6 in order to
arrive at the *'per graduate” capital cost figures. Table 3.2 shows the resulting
statistics.
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TABLE 3.1

Per-Pupil Capital Costs for the Polytechnics

{in_rupees)
Books Equipment Furniture Construction  Total

Per student place

capital cost 77.64 444.42 306.47 6,090.47 6,919.00
Imputed rental

value per

student on:
40 yrs. life 4 25 17 338 384
30 yrs. life 5 28 19 377 429

Source: Manpower Planning in East Pakistan, Planning Department, Govern-
ment of East Pakistan (Dacca: East Pakistan Government Press, 1969).

TABLE 3.2

Per-Graduate Capital Costs for the Polytechnics
{in rupees)

Books Equipment Furniture Construction Total
Per graduate place

capital cost  512.424 2,933.172 2,022.702 40,197.102  45,665.40
Imputed rental

value per

graduate on:
40 yrs. life  26.4 165.0 1122 2,230.8 25344
30 yrs. life  33.0 184.8 1254  2,488.2 2,831.4

Source: Calculated from Table 3.1 by multiplying respective figures by 6.6.
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TABLE 3.3

Recurring Expenditures of Polytechnics for Selected Years
{in rupees)

1964-65 1965-66 1966-67
4,725,705 4,614,227 4,575,521

Source: 1ER Survey and Economic Survey of East Pakistan, 1967.

For more detail, see J. Ritzen, ““A Study of Polytechnics in Bangladesh™
(Berkeley: Program in International Education Finance, University of Cal-
ifornia, 1974) (mimeographed report).

Recurring Expenditures

Recurring costs include the following: maintenance and repair of existing
facilities, salarics of teaching, administrative and other nonteaching staff, finan-
cial aid to students, contingency, and other costs not covered by the capital
costs. An overall idea of the magnitude of the recurring expenditures of the
polytechnics~the total recurring expenditures—may be obtained from Table
3.3.

In order of magnitude, salaries, financial aid, and mainterance and repair
arc the three largest expenditure categories. They account for between 40 per-
centand 70 percent of the total recurring expenditures. The amount not ac-
counted for by the three major categories gencrally is by and large found under
“contingencics.” Note that the expenditures in Table 3.3 are by polytechnic;
this means that expenditures on nondiploma courses are included.

The largest single item of the recurring budget is the salary of the teaching,
nontcaching, administrative, and other personnel involved. Table 3.4 shows the
amounts spent on salaries as a percentage of the budget for the three years
1964-67. This pereentage increased substantially during the period 1964-67
from 35 to 58 percent and seems to be mostly a result of the decrease in the
absolute figures on total recurring expenditures of Table 3.4.

Financial aid to students is another big item of recurring expenditure, as
Table 3.4 shows. The figures for 1966-67 are lower than 1965-66 because a
large proportion of the student aid was canceled in that year in reaction to
student strikes. The pereentage of students receiving financial aid varies consid-
erably across divisions. The students who enjoy scholarship support sometimes
receive rore than one type of aid. Although most of the aid comes from the
Public Fund in the form of DTE scholarships. local governments such as district
councils and municipalitics also offer certain scholarships of relatively small
amount to a limited number of students of the respective districts.
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TABLE 3.4

Percentage of Recurring Cost Budget of Polytechnics
Represented by Various Components, 1964-67

Years Salarics  Maintenance and Repair Financial Aid Other
1964-65 35.0 0.5 6.3 58.2
1965-66 50.0 1.9 6.7 41.4
1966-67 58.0 5.2 5.1 31.7

Source: Calculated from IER survey.

The proportion of maintenance and repair costs to the total budget of
recurring costs has also been increasing during the period of reference, 1964-67.
Comparison of such maintenance costs may be difficult betwcen polytechnics
since in some budgets these are called “maintenance and repair’ and in others
“‘contingency” items. For any one polytechnic, there is an internal consistency
in budget categories, but not between polytechnics, and one must approach
such comparisons with care.

The per-student recurring costs for all polytechnics are shown in Table 3.5
+ major expenditure item. In the tablz, Planning Department figures are also
included. The figures obtained from the 1ER survey are higher than those of
the Planning Department except for “maintenance and repair.” Recurring costs
per graduate for cach year were computed by dividing total recurring costs by
the number of graduates for cach of those years. The result is recorded in Table
3.6. It appears now that the ratio of costs per graduate to costs per student is
higher than the 6.6 figure used in the preceding section for most years; for
example, the ratio for 1964-65 is here approximately 7.4. This difference is a
".sult of increasing enrollments during the period 1964-67 and the method used
in making computations. Under such conditions of increasing enrollment the
ratio of the total of the sum of (enroliment of the first-ycar class in year [t-2]
+ enroliment of the sccond-year class in year [¢-1] + enrollment of the third-
year class in year ¢) to the number of graduates in year ¢, which was computed
above, will always be smaller than the ratio of the total enrollment over all year
classes in the same year to the number of graduates in year ¢.

Comparisons of per-pupil and per-graduate costs for both recurring and cap-
ital expenses give an impression of the tremendous wastage in polytechnics
resulting from the low throughput. Because of this wastage, the average costs
of producing a graduate are approximately Rs. 2,500 in capital costs and Rs.
8,000 in recurring costs, or, in total, about Rs. 10,500. Computations of
recurring cost per student were also made by polytechnic and showed sub-
stantial variation between institutions.
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TABLE 3.5

Per-Pupil Recurring Costs for All Polytechnics
Combined by Major Item, 1964-67

(in rupees)
Maintenance,
Repair, and
Year Personnel  Operation  Others Total
1964-65 481 7 875 1,363
1965-66 585 22 551 1,158
1966-67 582 52 372 1,006
Overall 554 29 577 1,160
P.D. 1967-68* 470 69 459 998
—_‘Planning Department data.
Source: IER survey.
TABLE 3.6
Per-Graduate Recurring Costs for the Polytechnics, 1964-67
(in rupees)
Ratio of
Per-Graduate Maintenance,
to Per-Student Repair, and
Year Recurring Costs  Personnel Opcration  Others  Total
1964-65 7.4 3,577 51 6,513 10,141
1965-66 7.4 4,353 167 4,089 8,609
1966-67 6.3 3,650 328 2,333 6,311
Overall 6.9 3,848 204 5,034 8,058

Source: Calculated from Table 3.5.
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ECONOMIES OF SCALE

In the section called *“Cost Analysis,” a statistical technique was described
for estimating the costs per program. This technique of regression analysis pro-
duces results from which it is possible to determine whether the costs per pro-
gram among institutions are alike or not. If the costs are alike, then the exact
level of these costs can be established with the technique. And if they differ,
this result in itsclf has policy implications. The planner must then examine why
certain institutes maintain costlier programs than others.

Since neither individual polytechnics nor the DTE keeps expenditure
records separately by program costs per student per technology (certificate
versus diploma and/or by different types of diploma courses), we apply here
this estimation method. The elasticity cocfficients that were assumed to be the
same for all technologies were chosen differently in a set of four estimations.
The first value chosen for the clasticity was one, which implies no economics or
diseconomies of scalc. Subsequent values for the elasticity were chosen in the
direction where improvements in the statistical results were expected.

The clasticity of .425 was cstimated statistically by using total enrollments
and total cost data for 16 institutes and three years. This cocfficient was found
to a significance level of .9995 and with the constant factor (foundation costs)
of 23,000.

Data on enrollments and recurring costs of three different years frc m only
seven polytechnics were used for regression analysis.® The other polytechnics
were excluded from the sample as inconsistencies were found in the recurring
costs data of these institutes. A computer program was made available from the
School of Business Administration of the University of California, Berkeley, for
regression analysis.®

Throughout these statistical analyscs, it was constantly assumed that only
the diploma students claim recurring cxpenditures; in other words, that the
cost requirements by the certificate students can be ignored. This assumption
was justificd because: (1) the costs per student in certificate courses are actu-
ally much lower than those in diploma courses; and (2) the enrollment in
certificate courses is very small.

For all years combined, two scparate sets of results are given: onc in which
overhead costs or foundation costs were considered to be zero and another in
which these costs--assumed to be the same for all institutes—have been esti-
mated.

The results of these regression analyses are presented in Table 3.7. It may be
surprising to note that some of the regression coefficients are negative, which
would imply that a decreasing expenditure is associated with an increase in
enrollment. Average and marginal costs per student are always nonncgative.
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TABLE 3.7

Regression Analysis of Cost Data, 1964-67

Lincar Regression

(no cconomies of scale) Elasticity .5 Elasticity .233 Elasticity .425165

Coefficient for  No Founda- Foundation No Founda- Foundation No Fouud:  roundaton No Founda- Foundation
_Technology tion Cost Cost tion Cost Cost tion Cost Cost tion Cost Cost
i‘oundation costs (4] 220,206% o 142,343 0 84,840 0 120,048
Civil 14142 214 18,134 8911 37.8073 26,464 25,403 14,567
Electrical -1 .390b 1,241 -5,333 8,600 371 15,759 4297 11,340
Mechanical 8o7b 255 12,3872 7.336b 29595 22,307 18,3482 11,996
Power 796 -336 4,612b - 2,185 9.447b 707 6.239b -1.815
Others - l.lllb 1,108 11,7103 16,8313 40,6722 43,8402 21,3623 259623
Number of

observations 21 21 21 21 21 21 21 21
Standard error 116,714 27,849 79,065 “8,018 75,302 77,186 76,768 77.393
R squared 8116 9000 9135 9211 9216 9228 9185 9223

AStatistically significant, .995 level.
bS(atis(icall_\' significant, .90 level.
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Additional enrollment cannot lead to decreasing recurring expenditure.

Negative costs per student may have arisen for the following reasons: (1) the
data used are not correct; (2) the relationship between the recurring cost and
enrollment is not as specified; (3) the relationship of recurring costs to number
of students not only differs from technology to technology, but also differs
vastly from one polytechnic to another; and (4) foundation costs arc not the
same for all polytechnics. The best results are found for the elasticity of .333.
All cocfficients are positive. Also the square of the multiple regression correla-
tion coefficient (R squared) is among the highest, while the standard crror is
minimal among the four clasticitics considered, for the estimation with zero
foundation costs.

The results from the statistical procedures seem to indicate that strong
cconomics of scale prevail, which means that the marginal costs per student
decrease with the size of the enrollment. We conclude that for the type of rela-
tionships between total recurring costs and enrollments investigated, the mar-
ginal and average costs per student vary widely for the technologics considered.

PRIVATE COSTS OF DIPLOMA STUDENTS

Student tuition fees are the same in all the polytechnics and in all courses.
But other fees—mainly consisting of examination fees, excluding hostel fecs—
vary considerably from institute to institute. The fees were in 1967-68:

Tuition fee Rs.60.00 per year per student
Other fees (average)  Rs.31.31 per ycar per student

The distribution of “other” fecs, which includes cxamination fees and other
academic fecs, ranges from Rs. 9 to Rs. 58 with a standard deviation of 11.93.
This fee does not include living expenses and hostel fees.

Student fees constitute income to the polytechnics, although in an insignifi-
cant amount compared to total expenditure. Moncy collected goces to the
Central Government Treasury, and is thus not to be used by an individual poly-
technic.

These fces are not the only expenditures paid by studcnts. Besides expenses
for books and stationery, many students incur the cost of hostel accommoda-
tion or outside living expenses and suffer the opportunity costs of income fore-
gone while at school. On the other hand, employment opportunitics for SSC or
HSC graduates are few and a sizable proportion of the students enrolled in
polytechnics are able to acquire scholarship support for part of their direct
expenses.
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SUMMARY

In this discussion of costs of education, we have derived techniques to com-
pute unit costs. These unit costs include capital and recurring costs and are
considered to be the single most valuable piece of information on costs for a
decision model. Unit costs can be computed on a per-student and a per-
graduate basis.

In order to compute the unit costs by program, we found the need to de-
velop a statistical technique to decompose the total costs of an institute into
the costs per program. Economies of scale in educational institutions were
explored.

The framework for cost accounting developed in this chapter will he further
used in the decision model in Chapter 5.

NOTES

1. See, for example, Charles Benson, The Economics of Public Education,
!d ed. (Boston: Houghton Mifflin, 1961); and Manuel Zymelman, Financing
ind Efficiency in Education (Boston: The Nimrod Press, 1973).

2. From the report, Manpower Planning in East Pakistan, Government of
fast Pakistan, Planning Department (Dacca: East Pakistan Government Press,
1969).

3. Ibid.

4. Sec Figure 2.3 in Chapter 2.

5. The data have been acquired from the IER survey; the enrollment data for
1olytechnics are usually obtained as combined enrollment for all technologies
n the first-year class and separate for the second- and third-year classes. In
rder to obtain enrollments by technology for a polytechnic, we split the en-
ollment in the first-ycar class to the different technologies offered in that
olytechnic according to the existing ratio of enrollments in the second- and
hird-year classes combined in respective years. The polytechnics chosen are
iarisal, Bogra, Chittagong, Dacca, Faridpur, Mymensingh, and Sylhet Poly-
echnic Institutes.

6. The program is TSP, version of March 29, 1970, processed with the CDC
400 computer of the University of California, Berkeley.



CHAPTER

4

EMPLOYMENT AND
EARNINGS OF
TECHNICAL SCHOOL
GRADUATES

MARKETS FOR EDUCATIONAL OUTPUTS

A basic prerequisite for the planning of a system is information about the
performance of the system. The preceding two chapters have dealt with internal
operating characteristics of the technical education system. But so far we have
not examined technical education vis-d-vis the labor market. We shall consider
the employability of graduates to be the criterion for the measurement of the
performance of a technical education system. This is in line with the relatively
quite explicit and singular goal of technical education as an instrument to pro-
vide trained manpower. Other types of education typically are not set up with
a single goal in mind, nor are the goals explicit.

For the purpose of judging the performance of technical education, in terms
of the employability of its graduates, the following questions should be asked:
1. Do the graduates of the educational institution find employment within a

reasonably short period of time?

2. Arc the employment positions that these graduates find in line with their
training, or do those positions demand less skill and knowledge than the
training provides for?

3. What is the incrementai earnings stream associated with that particular level
of education?

Not only arc the absolute answers to the first two questions important, but
it is also relevant to know what the changes in the employment possibilities
and in earnings have been over time. To consider the change over time in the

58
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rate and period of unemployment, and in the rate of underemployment, the
employment position of graduates of different years has to be considered.

Information on the carnings of graduates enables the analyst to apply invest-
ment analysis to education. The total training costs—including the opportunity
costs of foregone carnings—can be viewed as an investment in the potential
“human capital” value of the individual. The payoff of this investment is in-
creased productivity. From economic theory we know that under conditions of
perfect competitive market equilibrium, the wages of a worker equalize his mar-
ginal productivity. Neither perfect competition nor market equilibrium can be
assumed in a developing country like Bangladesh. Nevertheless, wages are the
only variable on which information can be found (without going through elab-
orate measurement procedures) to assess productivity. The payoff from the
investment is then the increment in the wages resu'ting from the addition in
training. A measure by which the “profitability” of investments in that educa-
tion can be compared with investments clsewherc is the internal rate of return.
The internal rate of return is the discount rate, applied to the incremental wage
stream, for which this discounted earnings strcam equalizes the costs of educa-
tion, or

C- El (UWI/(I + 1) (4.1)
1=
where
C = the total costs
IW; = incremental wages in year i
r = internal rate of return
n = life span of the individual

To compute the social rate of return (in contrast to thc private), wages before
tax are used as a measure of the societal benefits from the investment in educa-
tion. If the societal rate of return for the “average” graduate of the particular
type of education considered exceeds the corresponding rate of return to alter-
native investments, onc can say that the investments in that level of education
werce well made.

While such information on the social rate of return and on the employment
conditions may be sufficicnt to assess whether the best performance of the
technical education system is satisfactory or not, it docs not directly indicate
to the planner the changes to be made to improve the external efficiency of
technical education. For that purposc a substantial amount of analysis and
interpretation of the data nceds to be done, as we shall explorc in the subse-
quent section.
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SUPPLY OF MANPOWER, EMPLOYMENT, AND WAGES

To interpret what a particular pattern of starting wages, rate of return, or
employment charactcristics mean, one needs to consider the cffect of the sup-
ply of one kind of manpower on wages and unemployment.

If the supply of graduates has increased, one expects from cconomic theory
that, in the long run, wages fall until the demand for graduates has adjusted to
supply. In the process, however, individuals may experience spells of unem-
ployment on the one hand, while on the other hand the equilibrium position
between demand and supply could include considerable underemployment (or
employment outside the ficld for which the graduate has been trained). The
basic assumption is then that it takes time before wages adjust to the existing
demand-supply conditions.! During the adjustment process the demand-supply
conditions may once again have changed such that the wage equilibrium posi-
tion based on the past demand and supply conditions may not allow for full
employment, or in the opposite case of undersupply that the demand cannot
be satisfied.

But periods of unemployment after graduation oceur independently of the
demand supply conditions—the so-called frictional unemployment. Graduates
like to “shop around” to find the job that suits them best, wherher in salary,
employment conditions, type and place of work, or otherwise.2

A surprising phenomenon in South Asia is that wherever uncmployment of
educated labor occurs, it occurs mostly after graduation. The time periods of
unemployment, however, are too long to be realistically viewed as compatible
with “job search.” From all evidence it appears that once a graduate is employed
he is not likely to become unemployed afterward. “Laying off” of older trained
workers seems not to occur. Also the chances for a graduate to find a good job
do not scem to decrease with an increase in his period of unemployment after
graduation.

That older workers are not laid off might be explained as follows: There may
be very few older workers with education, since the cducational system in its
present size is relatively young. In addition, it is widely held that the quality of
education decreased during the explosion in enrollments, so that the qualifica-
tions of the older part of the labor force is superior to that of the junior part.

But that the type of job open to a graduate would be independent of his
period of unemployment is puzzling. That finding implies that employers accept
applicants regardless of their period of unemploynient—and the consequent
freshness of their training. It has been suggested that this is a cultural effect:
Age seniority is regarded as a positive attribute, outweighing the negative ef-
fects of not being employed. But if this were true, it would pay off for poten-
tial students to delay entrance into technical education and gain seniority while
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working, but there is little cvidence of this. In short, this puzzle remains
unsolved.

While the preceding may sketch the background for the analysis of earnings
and employment, this background merely provides the hypothesis to be tested
for a particular case study. To be more specific, if unemployment is found to
occur, it is important to examine whether the period of unemployment after
graduation affects the wages of the graduate. If this is not the case when unem-
ployment occurs, then it becomes more likely that a queuing process may be
taking place, in which the graduates who have been unemployed longest get
jobs first and in which fresh graduates join the queue, waiting for their “turn”
for employment.

Before that problem can be analyzed it is necessary first to get a general idea
of the employment market by considering whether starting salaries changed
over time and whether the period of unemployment has increased, decreased,
or remained unchanged. Also one would like to getan aggregate variable of
unemployment, over all graduating classes, and to compare unemployment
rates of specific types of manpower. If periods of unemployment have changed
over time, such comparisons are difficult with that variable alone. It is possible
to construct a rate of unemployment from data on periods of unemployment.
The supply of graduates can be fitted into a smooth curve and so can the num-
ber of graduates employed (demand). To fit the demand into a smooth curve it
is necessary to know the total number of graduates employed at one point in
time and the frequeney distribution of the periods of unemployment specific
by the year of graduation. This is elaborated further in the section cntitled
“Stock of Employed and Unemployed Graduates.”

An important part of the analysis of the employment characteristics is to
identify the variables, not related ro aggregate supply and demand, that affect
the employment position of an individual. Such variables could be the grade-
point average received at graduation, the pretraining academic background, the
relative “influence” of the father or guardian (approximated with his wage and
education level), ete. In the section entitled “Earnings Function Estimated,"”
we give attention to the relation between these personal attributes and the em-
pioyment position for the case study.

The aims of an employment study of one type of graduate can now be
summuarized to be as follows:

1. To estimate the levels of unemployment over a specified period;

2. To assess the salary structure;

3. To survey the employment opportunities by places of employment and
mobility;

4. To identify the determinants of employment characteristics, particularly of
the period of unemployment on earnings;

5. To consider the impact on employment of personal attributes, such as aca-
demic background, grade-point average, and home background on employ-

mant
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The information to be collected concerns three sets of variables:

® Employment characteristics (period of unemployment after graduation,
present employment status, durations, places and employers of jobs held);

® Education and ability variables concerning the pretechnical training academic
background, and the grade score in the technical training.

® Background variables (father’s educational background and salary).

EMPLOYMENT AND EARNINGS OF POLYTECHNIC GRADUATES
IN BANGLADESH

The Survey

No accurate statistics were available on the variables mentioned in the pre-
ceding section for assessing and analyzing the polytechnic graduates’ employ-
ment characteristics such as salaries, terms of employment and unemployment,
and their relation to background and ability variables. This information was
therefore collected by means of a sample survey of graduates. The survey was
accomplished by mail in two stages. In the first stage, the sample chosen was
reduced to an cffective sample of graduates by requesting returned cards with
current addresses. In the second stage, employment information was collected
from the effective sample by questionnaire. The universe included diploma
coursc graduates from government polytechnics of the years 1963-69, that is,
ali graduates of the years 1963-67 and all graduates of a selected group of five
polytechnics for the years 1968-69. The 1963-67 universe was collected carlier
by the Institute of Statistical Research and Training of the University of Dacca.?
The survey was conducted between October 1970 and March 1971, during the
prelude to Bangladesh’s independence. Table 4.1 shows respondents by uni-
verse, while Table 4.2 indicates the response rates in the two successive stages.
it can be seen from Table 4.2 that in the first stage a considerable number of
cards requesting address and employment information were sent back stating
“address unknown,” and gencrally more for carlier than the later years. Over
all years, less than 30 percent of the address-requesting cards were not returned.
The percentage of questionnaires returned is particularly high in view of the
extremely difficult situation of the postal system at the time of the survey;a
postal strike occurred in February 1971 and was followed in March by a com-
plete standstil]l of the mail during the Non-Cooperation Movement.

The lower response rates to the questionnaire for the 1968 and 1969 sample
of polytechnic graduates is explained by the fact that all graduates in the 1963-
67 cffective sample reccived questionnaires before January 1, 1971, while most
graduates in the 1968-69 cffective sample were not sent a questionnaire until
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TABLE 4.1
Number of Respondents and Universe by Year

of Graduation and by Course, 1963-69
(universe figures in parentheses)

Yecar of Graduation

Course 1963 1964 1965 1966 1967 19689 19692 Total

Civil 2 13 7 3 15 10 11 61(1.670)b
Electrical 4 3 3 7 2 21 19 59(363)
Mcchanical 4 0 1 4 7 11 12 39(587)
Power 2 5 4 7 3 13 12 46(592)
Others 0 0 0 0 3 4 2 92(195)
Total 12 21 15 21 30 59 56 214

(442) (358) (438) (523) (687) (600) (367)(3,415)

4The universc of the years 1968 and 1969 1s made up of the output of five
polytechnics only.

bUniverse figures are in parentheses.

TABLE 4.2

Parcentage of Graduates’ Response to Cards and Questionnaires
by Years of Graduation, 1963-69

1963 1964 1965 1966 1967 1968 1969 Total

Percent return

of cards re-

questing

current

addresses 36 72 37 62 64 77 74 66
Percent of re-

turned

question-

naires to

cffective

sample 81 76 97 65 94 49 54 64
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late January, that is, on the brink of the breakdown of mail communication.

The conscious nonresponsc to the cards requesting addresses and employ-
ment status—the first stage of the survey—must be considered to be small.
Whether these conscious nonrespondents have one or more traits of background,
mobility, cte., in common is unknown. Hence we are not certain whether in
fact the cffective sample of graduates is fully random. Response to the ques-
tionnaire in terms of the effective sample for those graduated during 1963 and
1967 is very high. It is impossible to estimate the percentage of the deliberate
nonrespondents of the effective sample of those graduated in 1968 and 1969,
as compared to the pereentage of those who did not receive the questionnaire
or whose replies were never received due to the disturbances.

In all we must conclude that insufficient checks have been made to assert
that the respondents are truly representative for the universe. However, the
figures in Table 4.2 suggest that with some caution we might consider as repre-
sentative the respondents of the years 1963-67 and those with diplomas in civil,
electrical, or power technology.

Unemployment

In both stages of the survey, information on the employment position of
the graduates was sought. On the card requesting addresses of the first stage the
graduate was asked to mention whether he was employed or not. Detailed
information on hoth unemployment and employment outside their field of
training was sought in the second stage through the questionnaire. Employment
was defined as holding a regular full-time job. Employment “outside the field
of training” was not defined more explicitly in the questionnaire, and answers
may reflect different notions of “the field of training.” One important variable
concerning the employment position is the period of uncmployment.

Table 4.3 contains the distribution of replies to the question on the time lag
between receiving the diploma and the first job. (The period between the ex-
amination and receiving the diploma has not been counted. The latter period
ranged in the years 1963 to 1970 from 2 to 5 months.) Irom the table it ap-
pears that the time lag between receiving the diploma (graduation) aad the first
job has increased in time. The contrast between the frequency distribution of
this period of unemployment for the carliest two years of the survey, 1963 and
1964 on the one hand, and the two last years, 1968 and 1969 on the other, is
particularly sharp. While no one who graduated in 1963 or 1964 was uncmployed
for more than nine months, more than 30 percent of those gradiated in 1968
and more than half of those graduated in 1969 were unemployed for more than
nine months. No graduate appears to have become unemployed after once hav-
ing been employed.
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Period of Unemployment between Receiving Diploma
and First Job, by Year of Graduation, 1963-69
{number of graduates)

Period of Unemployment
Year of Less Than 3-6 6-9 9-12 12-15 15-18 18-21 21-24 More Than
Graduation 2 Months Months Months Months Months Months Months Months 24 Months Total

1963 12 0 0 0 0 0 0 0 0 12
1964 14 5 2 0 0 0 0 0 0 21
1965 6 2 3 3 0 0 0 1 0 15
1966 10 9 2 0 0 0 0 0 0 21
1967 13 6 7 1 2 0 0 1 0 30
1968 26 6 6 3 3 1 73 12 6 59
1969 7 2 13 202 1343 dnab dna  dma dna 56
All years 88 30 33 27 19 1 7 3 6 214

3Graduates who were unemployed at the time of the survey. The periods of unemployment for such DLE’s, gradu-
ated in the same vear. need not be equal since examinations are held twice a year.

bdna = does not apply. since this survey was made for August 1970; 1969 graduates could not, at that time, be
unemployed for more than 12 manths.
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None of the respondents graduating before 1968 reported being unemployed
at the time cither in the first or second stage of the survey, but unemployment
among 1968 and 1969 graduates was considerable. For 1968 graduates the per-
centage found unemployed in August 1970 was 31 in the first stage of the
survey and 27 in the second stage. For 1969 graduates these pereentages are as
high as 78 and 62, respectively. The difference between the percentage found
in the first stage and that of the second stage is an important indicator of the
degree of bias incurred in generalizing the result of the effective sample. The
unemployment rates of the respondents to the cards requesting addresses are
somewhat higher than for the respondents to the second stage of the survey. It
appears, however, that the differences in unemployment rates for the two
stages of the sample are too small to lead to bias in generalizing the second-stage
respondents’ characteristics for the full sample as far as unemployment and re-
lated variables are concerned. Then we must conclude that the sustained growth
in the polytechnics’ output has put a heavy strain on the employment market
for graduates, and that considerable caution should be exerted in expanding
polytechnics any further.

The findings on employment outside the field support this contention. It is
likely that, as time passes, an uncmployed graduate will attach less importance
to the field of employment or to the professional standard of the job for which
he is applying. In practice, increasing numbers of graduates are found working
outside their field of training (in one case as a ticket seller in a cinema). From
the survey it appears that 7 percent of the employed graduates considered that
they remained outside their field of training for more than two years. Most of
the graduates surveyed who worked outside their field did s0 for a period of
less than two years. But the percentage of graduates employed for more than
three months in other fields is substantially higher among the 1968 and 1969
graduates in comparison to graduates from carlier years. As noted, the answers
to the questionnaire concerning employment outside the ficld of training are
subjective. It is difficult to make a valid judgment on employment outside the
ficld unless one first defines the limits of the field in formulating the question.
This was beyond the seope of this survey. The evidence from the survey sug-
gests that periods of employment, rates of unemployment, and rates of em-
ployment outside the field of training are not significantly different for those
graduated from different geographical divisions in Bangladesh.

Salaries

A second aim of the employment study has been to assess the impact of the
changes in the supply of graduates on their starting'wages. Table 4.4 presents
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TABLE 4.4

Starting Monthly Salary of the Graduates by Year of Start of the First Job, 1963-71
(number of graduates)

Year
Salary? in Rs. 1963 1964 1965 1966 1667 1968 1969 1970 1971 Total
More than 700 -b 1 - 1 - - - - - 2
500-700 - 1 1 1 - 1 2 - - 6
300-500 2 - 8 6 9 11 8 - 53
100-300 1 4 4 2 5 17 14 8 1 56
Less than 100 - - - - - 1 - - - 1
Total 3 6 13 10 14 28 27 16 1 118¢
Mean salary Rs. 333 400 354 420 329 273 316 300 200 319
Indext 112.9 1148 1170 1198 1252 1289 1330 9 -
3First salary after receiving diploma.
— = none.

“The starting year is not known for all graduates in the sample.

d> = not available.
€Index of per capita gross income at constant factor costs (1959-60 = 100) from Pakistan Economic Survey 1969-70.
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the findings of the survey on starting salaries by the year of the start of the first
job. One cannot interpret these figures without a number of reservations. First,
particularly for the years 1963, 1964, and 1971, the numbers of respondents
involved are very small. Second, one notices that the table does not differenti-
ate between technologies. Presumably since starting salaries differ by technology
we can only compare the salary frequency distributions for those years for
which the distribution of respondents by technology is the same. Fortunately
the technology distribution of respondents is quite similar for the years 1965-
70. Third, the mean salary is calculated from a discrete distribution assigning
the midpoint of the intervals in cach case.

When comparing 1965 to 1970 starting salarics the first two reservations can
be ignored, but the third problem remains. The means (uncorrected for the up-
ward change in the per capita income index) indicate a fall of starting salaries
during that period.

Present salaries are lower for graduates of later years than for earlier ones as
Table 4.5 shows. The difference in present salaries reflects the fall in starting
wages as well as the increase in salary with the experience on the job.

The means of the present salaries computed by technology fluctuate between
Rs. 333 (for other technologics) and Rs. 438 (power technology). Considering
that (1) the mean is calculated assigning the midpoint of the interval in cach
case and (2) that the distribution of responding graduates over technologies
h s changed over the years, no inferences can be made concerning salary dif-
ferences between technologies, except for power technology. Power technology
graduates carn consistently higher salaries than rheir colleagues graduated in
the same year. The {requency di.sribution of present salarics are not signifi-
cantly different for those graduzted trom the four geographical divisions of
Bangladesh.

Unfortunately, sufficient information was not available for computing rates
of return. On the one hand, the opportunity costs of foregone income were not
known for the trainees of polytechnics, while on the other, no complcte age
carnings profiles could be constructed with the data available from the survey
or other sources known to us.

Employers and Job Mobility

A third aim of the survey was to identify the employers of polytechnic
graduates. This was considered to be particularly important in view of the
original goals of the establishment of polytechnics, that is, to provide the man-
power for the emerging new industries. In this stage also an attempt was made
to establish the preferences of graduates for different employers by identifying
the di ‘ection of the job transfers,
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TABLE 4.5

Present Salaries of Employed Graduates by Year of Graduation, 1963-69
{number of graduates)

Salary Scale in Rupces

More Than Between  Between  Between  Between  Below Average Salary
Year of Graduation 900 700 & 900 500 & 700 300 & 500 100 & 300 100 Total (in rupees)
1963 1 1 1 7 1 0 11 491
1964 2 1 4 9 3 0 19 495
1965 0 1 2 8 2 0 13 431
1966 0 0 2 15 1 0 18 41!
1967 0 0 2 19 6 (¢ 27 370
1968 (¢ 0 1 23 17 ] 41 322
1969 0 0 1 7 10 1 19 207
All years 3 3 13 88 40 1 148 381
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Employment opportunities of polytechnic graduates are to a large extent
restricted to government and semigovernment agencies. Of the employed
respondents, 69 percent work with government and scmigovernment agencies.
This includes 15 percent of the respondents who teach in polytechnics. This
percentage is quite high and is due to the expansion of training capacity. No
graduate is found to be sclf-employed. Mechanical engincers work outside the
government to a significantly larger percentage (46 percent) in comparison with
other technologies.

Of thosc responding to the questionnaire, 10 percent changed their jobs at
least twice, 35 percent at least once. Of the 52 who transferred, 23 remained
within the government service, 5 left the government service for other employ-
ment, 13 transferred within the nongovernment sectors, and 11 transferred
from nongovernment employers to government service.

SURVEY ANALYSIS

Stock of Employed and Unemployed Graduates

The frequency distribution of periods of unemployment together with our
knowledge about the supply position (from Chapter 2) cnables us to reconstruct
an unemployment rate. This can be accomplished by fitting curves through the
known supply and demand points. The curve fitting is here done in a graph (see
Figure 4.1).

Supposc now that the percentage distributions of time lags between gradua-
tion and first employment of the cohorts 1965-70 of Table 4.3 arc representa-
tive for the universe. We can reconstruct the cmployment position of the stock
between 1965 and 1970 as follows:

1. The stock of graduates of the technologics concerned was approximately
1,560 on August 1, 1965 (civil 789, electrical 197, mechanical 207, nower 316,
radio and clectronics 32, and chemical 23). From Table 4.3 we generalize (by
assuming that the proportion of 1 to 15 holds b~*ween sample and the whole
population) that approximately 6 percent (or 30) of the 1965 graduates were
still unemployed as of the time the new graduates of 1966 joined the stock.

2. According to the table, and again genzritizing from our sample to the
whole population, 48 percent of the total of 423 graduates of 1966 found a job
within three months (before November 1, 1966), 90 percent within six months
(before February 1, 1967), and all within nine months (before May 1, 1964).
In addition, the thirty 1965 graduates, unemployed at the rime of the 1964
graduation, found employment between the 21st and 24th month after gradu-
ation, or before August 1, 1907,
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3. Using the same data we may conclude that, on August 1, 1967, all those
in the stock who graduated before 1965 were employed. Of the 753 graduates
of the cohort 1966-67, 43 percent (or 324) were unemployed for less than
three months, 20 percent (151) for between three and six months, 23 percent
(or 173) for six to nine months, 3 percent (23) for nine to twelve months, 7
percent (53) from twelve to fifteen months, and 3 percent (23) between
twenty-one and twenty-four months, if we apply rhe 1967 respondents’ distri-
bution to the universe. With the time lags we can determine the actual time
periods in which 1966-67 graduates found jobs.

4. The same procedure then is repeated for the 1967-68 cohort and the
1968-69 cohort.

5. If we assume that all 1,560 graduates in the stock at August 1, 1965 were
fully employed, we can plot for the period 1965-70 the actual stock against the
stock employed, as was done in Figure 4.1. The difference between these two
indicates the number of unemployed graduates.

In Figure 4.1 attrition has been ignored, since graduates were generaily in
the age group that would not be affected appreciably by death or retirement.
From the graph it can be scen that:

® In the last few years, the average annual growth of the stock has been
about 800;

® cmployment opportunities have increased by about 500 annually;

® thus the actual stock of unemployed graduates has been increasing by
about 300 annually;

® hence the estimated unemployment by August 1970 is at least 1,000 of a
total stock of 4,500.

This unemployment rate of about 25 pereent cquals the average unemploy-
ment rate of college and university graduates in Bangladesh.? It is also the
same as the unemployment rate found in the manpower excrcises of the
Planning Department® even though it seems that the latter percentagc is based
on overestimation of both stock and employment opportunities.

Pay Scales and Promotion Possibilities

The present salary structure of polytechnic graduates in government service
can be determined from the advertisements in the newspapers. It has been
found that the government and semigovernment agencies maintain a fairly uni-
form scale for graduates of different technologics.® The monthly starting wages
offered to a new graduate range between Rs. 210 and 300. The maximum only
increases to Rs. 350, for thosc with two to three years of experience, while the
minimum remains unchanged. For graduates with five years of experience the
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range is found to be between Rs. 265 and 600.” Private organizations rarely
advertisc jobs in the newspaper but rather appear to make most of the recruit-
ments on a person-to-person basis. During a period of five months in 1970-71,
there was not a single job advertisement for a polytechnic graduate in the two
leading dailies in Dacca.

The Industrial Marpower Skills study of the National Commission on Man-
power and Education (NCME) provides information on the salary structures of
private employers.® The salary ranges of skilled craftsn:en, supervisors, foremen,
assistant engincers, and draftsmen (all Occupations that require a polytechnic
training or cquivalent), are between Rs. 250 and Rs. 550 monthly, practically
regardless of the type of industry. From this comparisor, it would seem that
the government pay scales are above those in the private scctor. The inforina-
tion collected, however, shows the reverse.

Compare these pay scales to the Rs. 5 to Rs. 15 daily wages of line workers
and the handsome salarics in the ranges Rs. 350 to Rs. 1,500 monthly for
graduate engincers.® Considering the starting salaries of the polytechnic gradu-
ates in Table 4.4, we find that, in the past, most have succeeded in entering
directly into well-paid jobs,

Kann finds the mean of the present salaries for graduates of the clectrical
and mechanical technologices to be Rs. 391 and Rs. 403 respectively.'® These
figures are somewhat higher than those reported in Table 4.5, which can be
partly explained by the fact that Kann only considered those who graduated
from Chittagong Polytechnic betwee, 1965 and 1968. On the other hand, our
study had a fairly large number of 1969 graduates who arc on comparatively
low salarics.

Salaries depend strongly on the types of occupations graduates have. They
have been trained for the so-called subordinate engineering service (sub-
assistant engincers, overscers, foremen, cte.). The possibilitics for promotion
within this service are limited, however, causing widespread frustration, unrest,
and pressure on employers to extend promotion possibilitics to the ranks of
the engincering service proper. As a result of pressure by graduates of poly-
technics, a quota of 15 percent was fixed in 1964 for those graduates in the
Railways, Water and Road Transport Department Lngineering Service. How-
ever, this decision has never been implemented. Similar decisions were made in
the Water and Power Development Authority; 25 percent of the assistant
engincers in the power section and 10 percent in the water section ought to be
polytechnic graduates. Promotions are rare in the polytechnics, where 15 per-
cent of all the polytechnic graduates work as instructors or workshop super-
intendents, which has led to complaints. In fact, a countrywide strike of poly-
technic graduates was called for March 5, 1971, to focus attention on this
matter, but it was canceled at the time the Non-Cooperation Movement started.
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Earnings Function Estimated

In the survey, data have also been collected on personal characteristics that
were considered to have a bearing on the employment position of an individual
graduate. This included information on the father's educational background and
father’s earnings, the age at the time of graduation, and the academic achieve-
ment (the division obtained at the diploma examination).

Attempts have been made to explain the differences in carnings and length
of time of unemployment by the three sets of variables mentioned above, as
well as by employment type variables.

Different theories have been developed to explain the differences in the
time lag between graduation and employment in terms of the background and
the academic achievement within the same cohort. Blaug contends that unem-
ployed graduates in India accrue age seniority while remaining uncmployed and
thus improve their position with respect to the job market. In that view, the
age at the time of graduation should have a significant impact on the period of
unemployment. Others suggest correlations between fathers’ income and unem-
ployment periods, reasoning that children from richer families can better afford
to wait for the “right”’ job, however long that may take. A third factor, con-
sidered to explain in part the differences in the period of unemployment with-
in the same cohort, is the grade or division obtained at the diploma examina-
tion,

Thesc hypotheses have been statistically tested using the data from the 146
employed respondents to the survey. These belong to different cohorts, all of
which joined the labor market under different conditions of demand and sup-
ply. To account for the changes in the employment market, we include the
months between graduation and August 1, 1970 as an explanatory variable,

A multivariable regression has been done to explain the period of unemploy-
ment using the Jollowing equation:

MU-=C +(11MGRAI)+£12F1 +{.‘3F2 +a4F3 +05F4 +a6F5 +a7GI
“4.2)
+0862 +09AGE

To analyze the effect of background and period of unemployment on earnings
the following framework was used for a multivariable regression:

SAL = C+b1MU+b2MEM+b3AGE+b4FI +b5F2 +b6F3
4.3)
+b7F4+b8F5 +h9FS+b1061 +b1162 +b12E1
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The legend of the symbols is as follows:
Fy = 1 iffather bas an education on or above post graduate level

Fy = 1 if father has «n education on or above degree level

F3 =1 iffather has an education on or above intermediate level/diploma
level

Fq = 1 (if father has an education on or above secondary level/certificate
level

Fg = 1 if father has an education on or above primary level

FS father’s present or last salary or income per month (estimated)

E; =1 if employed in government service

E; =1 if employed by private industry

Gy = 1 if first division was obtained at the diploma examination

G, = 1 if second division or higher was obtained at the diploma examina-
tion

AGE age at time of graduation (in years)

MU period of unemployment after graduation (in months)

MEM months employed after graduation

MGRAD = MU + MEM

SAL Salary

The result of the statistical estimation of cquation 4.2 on the period of un-
employment can be summarized as follows:

® In total, 12 percent of all variance in the period of unemployment is ex-
plained by the background and ability variables considered.

® The period of unemployment has significantly increased in the last years
(at the 95.5 percent level of significance).

® The period of uncmployment is significantly less if the father has com-
pleted primary education or more (99 percent level of significance).

® Academic ability is only significant up to the 90 percent level of statisti-
cal significance for the first division.

® The other variables, like age at diploma examination, whether the father
has an education above the primary level, father’s salary, and whether the gradu-
ate received a second division or less, are not even significant on a 90 percent
level.

® From the sign of the cocfficients, we would deduce that the period of
unemployment increases with an increasing age at the diploma examination,
if the father had postgraduate training or a secondary education or more, and if
the graduate obtained at the diploma examination a third or pass division. The
period tends to decrease for all other variables. None of these variables is signifi-
cant, however.

Background and ability variables can be related to wages as follows: In addi-
tion to the variables used to explain the period of uncmployment, a set of
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variables identifying the employer is also included. Three groups of employers
are distinguished: government and semigovernment agencies, private industries,
and others. It appears from the regression analysis that:

® The period of employment, the age at the diploma examination, and the
fact whether the graduate is employed by a private industry or not are of sig-
nificant (at the 99.5 percent level) influence on wages.

® Earnings are higher in private industrics and increase with the period of
employment.

® Graduates carn less the older they are at the time of graduation.

® Ona lesser level of significance (97.5 percent), the father’s salary influ-
ences his son’s wages positively.

@ The salary tends to be less if the father has an education on or above the
primary level (significant on 97.5 percent level).

® In total, 35 percent of the variance in earnings is explained by the full set
of variables,

® The signs of the other variables that are not significant on or above a level
of 95 percent are mostly consistent with the influence one would expect them
to have on wages.

® The period of unemployment does not have a significant impact on wages;
this remains true under ali possible combinations of the independent variables
selected.

The last result provides an interesting view on the period of unemployment
atter graduation. It suggests that those who forego income when unemployed
after graduation do not become less employable in the view of employers
(taking wages as an indicator of employability).

A caveat in generalizing the findings of the regression analysis is necessary
since all earnings data have been collected as discrete variables (split up in carn-
ings levels). Since a discrete variable cannot be used as the dependent variable,'!
carnings have been reconverted to a continuous form by assigning the midpoint
of the intervals in each case. This may lead to inaccuracics as most cmployed
respondents appear to earn Rs. 200 or Rs. 400,

Regional Mobility

More than half of the employed respondents worked in the geographical
division in which they were trained. It may then be concluded that—if the
respondents’ behavior in the sample is characteristic for the universe—the
distribution of polytechnic training capacity is more or less in accordance with
the distribution of jobs for polytechnic graduates throughout Bangladesh's
geographical divisions.
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To put the migration between training and employment in perspective, we
also considered the migration of graduates between the place of secondary
school education (often the place of permanent residence) and the place of em-
ployment. Now we find that more than two thirds of the graduates received
their polytechnic training in the geographical division where they completed
their earlier education.

SUMMARY

The focus of this chapter has been on the employment of graduates of edu-
cational institutes. Mcasurements of employment characteristics of graduates
such as periods of unemployment, length of employment, starting and present
salary were presented and discussed. The interrelationships between the supply
of graduates, cmployment, wagces, and the personal attributes of graduates have
been worked out in one concrete setting of polytechnics in Bangladesh. But the
methodology used in this analysis is generally applicable.

The analysis framework developed here will be used in the decision model
in Chapter 5 that concentrates on the problems of educational resource alloca-
tion when manpower needs are met as closely as possible.
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CHAPTER

A DECISION MODEL
FOR TECHNICAL
EDUCATION

ANALYSIS FOR DECISION MAKING

Let us restate the problem considered throughout this book. Any country,
whether developing or developed, can ill afford to be wasteful in its resource
allocations and therefore must rely on careful planning. The supply of well-
educated manpower, appropriately trained and employed, helps ensure techni-
cal development. A government that seeks to make optimal decisions for tech-
nical education development must consider its education plans in the light of
manpower nceds. If analytical tools arc available, they must be put to work.

The decision model is a tool devcloped to assist planners by taking into ac-
count capacity changes, curricula changes, changes in the distribution of capaci-
ty over courses (technologics) and regions. Thus, the decision model is not a
behavioristic description of the process of decision making as the name might
suggest. The decision model is a comprehensive structure that provides the de-
tailed resource allocation requirements resulting from a set of policies based on
sonie specified organization of training and employment. It is in the form of a
mathematical model.

The decision model was developed in connection with a study of the poly-
techrics in Bangladesh. There does not seem to exist, however, any reason why
the model is not applicable to the technical education sector as a whole in
other places. Therefore, we shall refer to “technical education” in describing
the model with the exception of those details that require a narrowing down to
polytechnics.

79
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The concept of the decision model roots mainly in the theories of systems
and optimal control of systems.! Some similarities also exist between the con-
cept laid out here and planning programming budgeting systems, management
information systems, and techniques on decision cxplication, like the tech-
nique of iterative decision making (Delphi Technique).

The previous chapters that have dealt with training and employment pro-
vide the analytical base for such a “decision model.” Conceptual models on the
flow of students and the behavior of the employment market, such as those in
Chapters 2 and 4 in this book, abstract from real life processes using a limited
number of variables and thereby identify important dynamics of the system. A
missing picce of the study is a macrocomparison between policies and practical
achievements. This is done in the present chapter. For this comparison we arc
particularly interested in identifying variables that describe policy implementa-
tion. The elaboration of these srudies of student flow, employinent, and costs
systems is then not too difficult.

The two models (training and employment) developed ia preceding chapters
can be expressed fully in quantitative terms; this quantification produces a
mathematical model (a set of mathematical constraints) that can be manipu-
lated. Alternative policics can be simulated or optimal trajectorics for invest-
ments can be calculated given demand forecasts.

We must sound a note of caution here concerning the availability of informa-
tion. Comporents of the model may be quantifiable, while data are inaccurate
or unavailable in the form needed for the model. (Our attempts to measure
recurring costs by technology and institute in Chapter 3 arc a case in point.) To
complete an integrated mathematical model of training and cmployment one
must include demand forecasts (see section entitled “Employment Quantified:
Demand Forecasts™) and place the model of the employment market in its
proper sctting within the economy (see section entitled “A Comprehensive Deci-
sion Model,” where the mathematical model is described in full).

The dccision-oriented information system and the mathematical model are
closely related. The information system primarily collects and processes those
data required to update the mathematical model. The mathematical model is
devaloped to be used for the analysis of the consequences of policies. Policies
determine targets, constraints, and performance critcria but are generally not
specified quantitatively. Policies on technical education state verbally a number
of objectives on the rate of return of technical cducation, uncmployment, geo-
graphical distribution, etc. Some of these objectives may be conflicting. Prefer-
ences have to be attached—implicitly or explicitly—in order to arrive at deci-
sions.

The mathematical model requires that the preferences for cach of the tar-
gets should be made explicit, quantitatively, as should be the targets them-
selves. In the section entitled “From Policy to Quantificd Targets” we describe
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a procedure by which the policy makers can arrive at quantitative targets and at
the preferences attached to them from the verbally expressed policy.

The set of quantitatively expressed targets with their preference ratings can
be considered the criterion for making optimal decisions on technical education
given the physical propertics of the student flow and the market behavior. Most
sets of targets and preferences relate to one or more sets of decisions that best
satisfy that set of targets and preferences. In a particular set of decisions, for
example, we can measure the degree of satisfaction of a criterion by the devia-
tion of the targeted from the preferred outcome; this is done mathematically
by the sum of the squared deviations of each target from the actual achieve-
inent times the preference for achieving that target.? The set of decisions is
optimal if for all feasible decisions this sum is minimal. Deviations between
actual achievement and the target are squared since we want to account cqually
for positive and negative deviations. For some targets the decision maker only
wants to penalize for negative deviations of the actual achievements from the
targets. The criterion function can be adjusted accordingly.

The mathematical model enables us to define the decisions for which the
the criterion function is minimized (and thus the satisfaction is maximized).
This will be described further in the section on “Optimal Budget Allocations.”

To summarize, the three main elements of the decision model are
1. a decision-oriented information system in which is specified (a) the informa-

tion necessary with respect to the policy objectives and the systems

dynamics (as set out in the mathematical model), (b) the flows of informa-
tion between the institutes and the government department with jurisdiction
over technical education;

2. a framework for the translation of qualitative policy objectives into quanti-
tative targets and preferences;

3. a mathematical (simulation) model of the student flow and employment
market.

Control, Exogenous, State, and Output Variables

The decision model that is created for the purposc of finding methods of
“optimal control” or “best” decision making is based upon the models of
training and employment. It is a “‘state space”” approach.

The “state space” approach applied to the system of technical education
divides the variables into control variables, cxogenous variables, state variables,
and output variables. The control variables are those that can be manipulated
by the government agency that makes decisions on budgets and capacity. The
variables in which the budget is expressed (recurring and nonrecurring
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expenditures) are control variables; once the curricula, hiring and firing of
teachers and other personncl, examinations, etc., are fixed, the aggregate level
of the budget becomes the only control variable. In this model, as in the real
world, actual control of the system is restricted to the purse strings once the
normative structure has been determined.

There is another type of variable that irfluences the system of technical edu-
cation. These variables, however, cannot be manipulated by the central admin-
istration or heads of schools and therefore are called exogenous variables. Social
dcmand for training is such a variabie.

The third group of variables we distinguish are the state variables. These
are variables with a “memory,” in the sensc that their value is determined by
the history of the system over a certain period preceding the present moment.
Most state variables relate to supply, such as the stock of buildings of the tech-
nical schools, the stock of equipment, or the stock of graduates. The size of
classes is also a state variable, The size of a nonbeginning class is determined by
the size of the same year class a year before (repeaters) and the size of the
previous year class a year before (promotees), while the totat school capacity
may be determined exogenously and the size of entering classes may be con-
trolled through admission requirements. Thus the variables of the student flow
carry some memory and can be viewed as state variables.

The quantitative targets sct by the planning department are often in terms
of the state variables one or more years ahcad. Some targets may be related
uniquely to one state variable only, others may be in tcrms of some combina-
tion (linear or nonlincar) of a number of the state variables. Variables that can
be written as a corabination of the state variables are called output variables.
The use of the term “output”’ in “‘output variables” relates to informational
output rather than physical output. '

Training and Employment of Graduates: Summary

The model of student flows and employment markets forms the cornerstone
of the decision model. In order to use the methods and results of preceding
chapters, we shall summarize them here for use in the decision model; we will
be careful to make distinctions between control, exogenous, state, and outp-.t
variables.

Capacity for Training of Graduates

The variables determining the training capacity can be aggregated into
(1) stock of investments (land, buildings, and equipment; (2) recurring
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expenditures (maintenance, salaries, etc.); and (3) supply of teachers (principal,
teachers, instructors, etc.) and other personnel.

The actual capacity is the minimum of the capacities created by each vari-
able individually; for example, if there are only two teachers in a technical
institute, the actual capacity is determined by the student-teacher ratios times
two, however big the buildings arc or however high the salarics the teachers re-
ceive (excluding double shift of teachers). In our analysis, however, we always
assume that investments are the main bottlenecks and that recurring funds and
teachers are exactly determined to match the capacity created by investments.

These assumptions imply that the supply of teachers is always adequate to
match the demand that can be regarded as reasonable if we are only interested
in numbers of teachers available without regard to their qualifications. In fact,
in many places an acute shortage exists for teachers with industrial experience
and a completed technical teacher training course. Later we shall indicate a way
of projecting the need for qualified teachets once decisions on investments have
been made.

Similarly, recurring funds may not be available to fill the level required of
capital investments. Once we krow the capacity created by the stock of capital
investments, we shall project the level of recurring funds required by this
capacity.

The decision to make new investments at any time can be made independently
of other considerations and thus can be regarded as a control vartable. The
stock of capital already invested is a state variable. The projected requirements
for teachers and recurring funds are output variables as they combine state
variables. In our model recurring expenditures shall relate to enrollment desig
nated by year classes rather thaa simply to toral enroliment.

Flow of Students

At any time, once capaciiy is fixed, we can deduce the flow of students
since places arc first alloc:ted to continuing students and the balance allocated
for new admissions. The sizes of the continuing classes (in our Bangiadesh case,
second- and third-year classes) are determined by rates of promotion and repeti-
tion and can be regardud to be state variables.

Stock of Graduates

The stock of graduates is subject to attrition due to mortality and persons
leaving the profession, for example, to continuc studies, Tlic stock is increased
by the yearly supply of new graduates. Stock of graduates is a state variable;
verbal and mathematical descriptions of the framework for studying fiow of
students and stock accumulation of trained graduates have been given in detail
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in Chapter 2. We will discuss the employment market and demand for graduates
in detail later in this chapter.

A MANAGEMENT INFORMATION SYSTEM
FOR TECHNICAL EDUCATION

Since technical education in most developing countries has the objective of
providing trained manpower, we can consider decision making in technical edu-
cation analogous to decision making in any nonpublic system, for examiple, an
industrial plant. The decision maker in charge of the technical education sector
asks himself questions similar to those asked by the manager of an industrial
plant; for example, is the product marketable? (is the graduate employable?);
what should the production that yields maximal profit be, the supply and de-
mand curves being known? (what is the output of technical education institu-
tions that yields the maximum discounted social return of graduates resulting
from investments in technical education?); what is the relation between produc-
tion and the costs per product? (what is the relation between output and costs
per graduate?); what is the average duration of the process of production? (how
long does it take on the average to produce a graduate?); etc.

The decision maker needs a great deal of decision-based or management in-
formation to answer these questions. We shall call the complete set of such
informa<ion required by cach decision maker in the technical education sector
a “‘management information system’’ or a “‘decision-based information system.”
The management information system can be viewed as having two components:
one describes those indexes that are crucial for decisior. making,? and the scc-
ond determines means for getting data to the appropriate decision maker. Both
of these components require special administrative effort; neither is likely to be
handled satisfactorily “by chance.”

Requirements for Information

There are two kinds of information requirements for information: (1) data
that reflect practice as opposed to policy objectives, for example, data that deal
with the labor market for graduates from technical education institutions in
sufficient detail to investigate the employability of graduates, shortages or over-
supply of graduates, and to estimate rates of return; (2) data that reflect the
production process of the manpower concerned, that is, data on enrollment and
costs of technical education institutions.
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Accounting data seldom are relevant for decision making. The purpose of ac-
counting is to provide a check o the balance between amounts allocated and
amcants spent and to describe the past rather than the future. Many of the
statistics required for decision making on the costs of technical institutions
have to be acquired since no other service is available; it is hoped that the re-
quirements for decision-based statistics may induce changes in bookkeeping
formats. For exampl:, in the Bangladesh case study, the decision-based informa-
tion system would require that costs of polytechnics be given in three cate-
gories: costs of the diploma courses, costs of the certifica.c courses, costs of
the commercia! courses.

We shall analyze the information requirements for decision making by con-
sidering the statistics on the capacity for training, the flow of students, the
stock and employment of graduates, and statistics on the demand for graduates.

Statistics on the Capacity for Training

Capacity relates to three relevant aspects of decision making, centered around
the questions: Is the capacity fully utilized? What is the relation between costs
and capacity? Are capacity components optimally tuned?

Given the normative structure of the education plan, the following statistics
are required annually to answer these questions and to make comparative stud-
ies on the capacity and costs between institutions. Each variable is preceded by
a symbol denoting that variable.

Capital

First let us define all variables:

¢y = Changesin the value (in constant monetary units, based on a
given year) of government land in use by the technical institute
as a result of acquisition or salc of land over the past academic
year.

¢y = Costs (in constant monetary units) of new construction com-
pleted in the past academic year.

¢3,j = Foreign exchange component of new inventory, purchased in the
past academic year (in dollars), for use by cach year class and by
coursc.

€4ij = Local currency component of new inventory purchased in the
past academic year, for use by year class and by course (in local
currency unit).

cs = New inventory used for overhead (in local currency) purchased
in the past academic year.
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The subscript i indicates the year class (for example, i = 1, 2, or 3), the sub-

script j indicates the course,
¢ = Total net availavle floor space.

The distribution of the net floor space (that is, the gross floor space minus
space for halls, corridors, and stairways) over courses and year classes is required
in ozder to distribute the costs of the buildings over the users. We therefore
introduce further variables that relate to space:

€7ij = Surface of classrooms and laboratories by course by year class.
€8ij = Surface of flocr space shared by all programs.

The total number of statistics on capital costs required thus is

4 (variables) + [4(variables) X 3 (ycar classes) X number of courses) .

These statistics allow for a computation of the imputed per annum costs of
runniny the institution gencrated by capital requirements.

The imputed per annum costs of the land is the imputed rent of the land
(the commercial interest rate per annum times the present value of the land).
The imputed per annum costs of the buildings is the summation of imputed per
annum rents over all vintages of buildings. Since buildings depreciate and have
to be replaced, the calculation of imputed rents for buildings (and also for
inventory) differs from the one for land. The nature of the calculation, how-
ever, is the same. The technique of imputing rent was developed in Chapter 3
and is summarized by equation 3.2.

From this overall imputed rent we can then find the imputed rent of land
and buildings by each year class and course according to the share of floor
space used and the per pupil share of overhead fl~nr space. Imputed rent of
inventory (local currency and foreign exchange) can be calculated in the same
manner as imputed rent of buildings.

The total imputed rent for land and buildings is considered to be “charged”
to year classes and courses scparately. The *charge” of the total rent is based
on the relative usage of course j and class i of the total buildings, measured in
floor space.

The total imputed annual rent for capital used by an institute by year class §
and course j thus is:

[{classroom and laboratory space of i,f)/total net floor space

+ (number of students in i,j/total number of students) X overhead floor
space])

X total imputed rent for land and buildings

+ rent of inventory acquired through foreign exchange for 1,j

+ imputed rent for inventory in local currency for i}

+ (number of students in i,j/total number of students X imputed
rent on overhead inventory
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Since the normative educational plan of the institutc contains standards on
average flour space and inventory per student, these standards and the actual
values of floor space and inventory determine the capacity as made up by
capital.

Recurring Costs

The variables for the calculation of recurring costs are as follows:

r; = Salaries of teachers and instructors

r; = Salaries of overhead staff and personnel

r3 = Maintenance and repair costs of existing facilities

T4,ij = Instructional materials and supplies per course per year
rs = Other recurring costs.

The data on recurring costs can be broken down to recurring costs per course
per year class (insofar as they are not already given in that way). Salaries of
overhead staff, of maintenancc and repair, and other recurring costs can be
broken down on a per pupil basis by assuming cqual shares used by cach pupil.
The teachers’ salaries can be broken down to costs per course per year class on
the assumption that distribuiion of teacher costs of courses and year classes is
the same as the distribution of teaching hours over courses and year classes.

The costs of teachers’ salaries by coursc equal (total hours of class 7, course j
per year)/total class hours per year X total teachers’ salaries.

Teachers
1ij = Number of theory teachers and practice instructors (by course
and year class, if possible).
t3 = Number of overhead staff above matriculation level (including
principal and vice-principal).
t3 = Number of other personnel.

If quaiifications of teachers are of importance, an extra sct of variables
describing training and experience, related to their assignments, should be added.

Statistics cn the Flow of Students

There is generally little scope for control of the student flow in technical
institutions once students have been admitted. It is almost universally true for



88 METHODOLOGY FOR PLANNING TECHNICAL EDUCATION

educational institutions that promotion rates, repetition rates, and dropout
rates change very little (and certainly only slowly) by pressures from the ad-
ministration of the institute. Occasionally, measures like the expansion or
reduction of available scholarships on a large scale or the introduction of
quotas after the first ycar arc adopted. But generally, by regulating quality and
quantity of the new entrants in the technical institutions through the admission
examination, the administration has regulated de facto the student flow.

To describe quantitatively the flow of students, statistics are required on
enrollment, dropout, repetition, and promotion. Enroliment is not constant
during an academic year as dropout can occur at any point. But we shall define
the enrollment in a year class of a certain course in an academic year as the
number of students in that class and course at the start of the academic year.
This definition ignores late entrants, which are rare, and dropouts and therefore
provides a maximum enrollment figure. This definition of enrollment has been
chosen with respect to resource allocation since the decision maker has to allo-
cate most resources (space and teachers) for a class according to the maximum
number of students expected at any time in that class.

In Chapter 2 we discussed in detail a number of measures of student flow.
To avoid unnecessary costs of collecting and keeping enrollment data, we shall
now simplify (by neglecting transfers between schools) the characteristics of
the student flow by defining promotees to be the number of students promoted
from a year class and actua'ly entering the following year class (taken at the
start of a year class), repeaters to be the number of students repeating a year
class, taken at the start of an academic year. The data on enrollment, repeti-
tion, and promotion thus all relate to the same date. Dropout is then defined
by the difference between the enrollment in a year class i in year ¢ and the
sum of the numbers of promotees in year class i + / and the number of repeat-
ers in year class # in year £+ /.

The promotion, repetition, and dropout rates are

promotees repeaters dropouts

an .
enrollment ' enrollment ’ enrollment

The three rates add to unity as can be seen from the definitions.

These definitions relate to the quantity of the student flow. Insight into the
qualitative aspects of the student flow requires a breakdown of the enrollment
statistics into separate categories of academic qualification. If thisis of importance
and interest, separate student flow rates can be studied for these different
groups.

Suramarizing, we propose to collect at the beginning of each academic year
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€1,i,j to eq ;= the number of promotees in each year class in each
course for each of the four quality groups,

€5,ij to eg ;= the number of repeaters in each year class in each
course for each of the four quality groups.

Since our purpose is to make usc of student flow data for decision making
on resource allocation, the definition of output of a year should be based on
the claims on resources made by that output. The corresponding definition is:
the output of an academic year ¢ to ¢ + ¢ is the number of diplomas awarded
to students who followcd the third-year class in that academic year ¢ to ¢+ 1.
This definition recognizes that the outpnt is formed by the diplomas awarded
at the regular examination of that year plus the diplomas awarded at the first
following supplementary examination. The graduation rate is then defined as:

Output

—————— of a certain c “urse in a certain year.
Enrollment

So additionally we propose to collect

eg,j= the number of graduates stemming from the enrollment in the third-
year class in each course for each of the four quality groups, divided by the
grades received at the fii.\l examination (first or second class or passed). The
total number of statistics annually to be collected is per course:

[2 (variables) X 3 (year class) + 1 (output)] X 4(quality groups) = 28

Statistics on the Stock and Employment of Graduates
of Technical Institutions

In Chapter 2 we looked at stocks of graduates and in Chapter 4 at the cm-
ployment markct for graduates. In order to do effective planning, decision
makers must have accurate and continuing data on both the supply of and de-
mand for graduates of their institutions and must be ablc to answer questions
such as: Have the technical institutions oversupplied or undersupplied (region-
ally and nationally)? What is the private and the social rate of rcturn to educa-
tion (given the data on costs from the section on “Sta.istics on the Capacity for
Training")?

Such questions can be answercd if information is collected on a continuing
basis on the careers of a random sample of the graduates. Records should be
updated annually and kept strictly confidential. The basic information on the
record should be as follows:
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General
Name
Father's educational qualification
Father’s occupation
Academic Record
District, year, subjects studies, grades at last examination
Other academic examinations (if any)
Other professional qualifications
Employment Record
Period between the awarding of the diploma and employment.
Year of start, district, salary of start, employer, and occupation of first
employment
Annual cmployment status, registering for each job (if more jobs are held
at a time or in the year): employer, district, salary, occupation of em-
ployment, hours and weeks worked.

The employment records would provide time series on a number of variables
(most important, the salary) of a fixed, randomly selected group of graduates.
Since the same people would be questioned annually, these data would truly
constitute a longitudinal sample on salaries, employers, places of employment,
and occupations. Such data are called pancl data and are preferrcd for statisti-
cal evaluation over time series of cross-sectional data which consist of informa-
tion collected by taking a new random sample of the population cach year.

Employment records provid: the data to identify and comparc over time by
course and by institute where trained: absolute values and changes in the period
of unemployment, categories of employers (government and semigovernment,
nonmanufacturing, public industries, private industries, and other cemployers),
salarics, and expected lifc income streams.

Employment records of graduates neglect two aspects of the job market
that arc important for evaluation:

1. the degree to which graduates are hired for the occupations for which
they are trained. To do this, occupation-employment information should also
be collected, that is, data on persons who occupy jobs for which technical
school graduates are trained: Are most jobs in these occupations filled by
graduates of technical institutes? What are the qualifications of the non-
graduates who are employed? Occupation-employment information can only
be collected directly from employers, once occupations are comprehensively
defined.

2. the employment of dropouts of the technical schools. As mentioned be-
fore, students drop out for other reasons than ability. A sample survey, such as
the one described above, ean be used to follow dropouts.
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Statistics on the Demand for Graduates of Technical Institutes

Manpower forecasts—that is, projections of futurc demands for technical
school graduates—are required for proper analyses and decisions on training
capacity. One such example is the report: Manpower Planning in East Pakistan
of the manpower section of the then Government of East Pakistan (Dacca,
1969). In this report, manpower forecasting is based upon (1) time series of the
number of technical school graduates employed in different salary scales, and
(2) total investments and output in the private and public sectors (by sector).

Flows of Information

It may scem too obvious to be worth mentioning, but if information is to
be useful for decision making, it must be requested by the decision makers.
Nevertheless, it is too often frue that information is collected that is of very
little value, while vitally needed data such as employment statistics are ignored.
The flows of information we propose here have been designed to follow the
critzrion that information channeled to a decision making unit is a p-crequisite
for a rational decision-making process.

Let us consider the case of planning in Bangladesh. The need for informa-
tion for decision making at the level of the Dircctorate of Technical Education
(DTE) is clear as the DTE is “'responsible for the development and control of
Technical Education,” and is in charge of the budget. The need for informa-
tion of the individual polytechnics is Iess clear since the power for decision
making at an individual polytechnic is not too clear in this macro context.

Two scparate decision-making units now have been identified regarding this
flow of information: the individual polytechnics and the DTE. The DTE resides
formally under the Ministry of Education, which has the ultimate decision
power. For our purposes, we can introduce the simplification that only the
ministry decides on the distribution of the total education budget over the sub-
sectors and thus fixes the ceiling for expenditures in the technical education
sector. It is then up to the DTE to decide how to allocate the budget to poly-
technics, vocational training institutes, cte. This description is a simplification
since the distribution of the total education budget is the result of an iterative
interaction process between the subsectors and various government depart-
ments. All subsectors of the education system submit tentative budgets to the
Ministry of Education, which adapts these budgets to its own priorities and
negotiates with the Ministry of Finance for the total amount to be allocated
for the education sector. In case of capital expenditures, the Ministry of
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Planning has to give its fiat before the Ministry of Finance can consider the
project. The decision model assumes that the total budget allocation is known
and that therefore the problem is reduced to how to allocate the total budget
optimally, among courses. In Bangladesh, most of the information mentioned
in the section on “Requirements for Information” as decision oriented is being
collected in onc way or another, but retricval and processing of the raw infor-
mation must be done to make it accessible for decision making.’

FROM POLICY TO QUANTIFIED TARGETS

Policy and Implementation

The planning of technical education should lead to the formation of a de-
tailed budget for a future period. Such a budget should contain details of both
recurring and capital expenses per institute, per technology offered, per ycar.

This expenditure serves a number of targets that are implicitly included in
“the education policy.” The planning process should attempt to translate the
theoretical policy as faithfully as possible into practical action. The principal
difficultics encountered in this process are that “the policy” is mostly in gen-
cral terms, it is expressed verbally (not quantitatively), and it may contain
largely contradictory goals that have to be reconciled in a good implementation
program. It is important here to describe more extensively what we mean by
policy and implementation.

In Bangladesn, for example, basic elements of “the policy” on technical
education occurred in: Six-Year Educational Development Plan (1951); First
Five-Year Plan (1955-60); Report of the Commission on National Education
(1959); Second, Third and Fourth Five-Year Plans (1960-65, 1965-70, 1970-
75); New Educational Policy (1970). The documents state general policy tar-
gets. These statements are the input of the planning process, and the forms
describing a development (capital investment) project are the output. The
forms are supposed to cover the whole spectrum of the policy —the related tar-
gets and the resulting capital budget for a distinet project (like the expansion
of a polytechnic).

Policy Consideration

Let us look at the case of Bangladesh for an example of how general govern-
mental policy is trauslated into specific planning. We find, in official government
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plans, explicit references to the primary goal of technical education, the pro-
vision of trained manpower. In the First Five-Ycar Plan (1955-60),

priority will be given to . . . rapidly expanding education and training
in the technical, vocational and professional fields to provide essential
qualified personnel for all sectors of the developrient programme. . . .
(p. 17)

While more specifically for vocational education and training a later section
adds:

This section deals with a relatively narrow subject: the preparation
of skilled personnel for industrial and business occupat ons which do
not require professional education at the colleges or universities. (p. 55 3)

Further it is reccommended that

In order to produce supervisory personnel for industry, polytechnics
should be established as carly as possible. (p. 554)

The Second, Third, and Fourth Plans mention the same policy toward tech-
nical education. The Fourth Five-Year Plan, however, proposes to change the
normative structure of the education plan of polytechnics in order to train
polytechnic graduates in scientific management techniques rather than simply
for jobs as foremen and overscers. Although no specific policy for technical
education emerges, the New Educational Policy (1970) states:

Pakistan's goals of national development clearly warrant a much
higher priority to be assigned to scicnce and technical education than
has been done in the past. (p. 11)

This implies that technical education—as well as general education—should con-
tribute to “national development.”

Government policy thus states that the principal task of technical education
is to supply trained manpower according to the demand. The total demand for
technicians on the overseer and foreman level should be met by the trainees of
the polytechnics. Additionally a regional aspect is introduced. Each polytechnic
is to be cquipped with the training capacity exactly proportional to the demand
for trained foremen, ctc., of the region in which the polytechnic is situated
with some allowance for a discrepancy between supply and demand. Two pol-
icy considerations permit adaptation between supply and demand to differ
from onc region to another, that is, (1) an oversupply of trained technicians in
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a rcgion that may induce establishment of industrics in that region and thus
may create “demand,” and (2) polytechnic training capacity that may be
partly allocated over the couniry to equalize opportunities regionally.

Thus, subpolicies at the regional level can be quantified as follows: we trans-
late the national policy (manpower supply) to state the absolute targets for the
polytechnics (the demand anticipated) while the subpolicies express the weight
attached to meet the demand in the region in which the polytechnic is located.
The degree to which supply exceeds demand can be measured by a single
variable: the combined underemployment and unemployment rate or the ratio
of the sum of the unemployed and underemploycd graduates over the total
number for a ycar cohort (separate for each region and cach technology).

The operational definition of underemployment or employment below the
level of training to be used is: employment with a salary below that of the
minimum of the scale on which graduates are employed in general (this scale is
to be expressed in the fixed prices of a given year) as measured by average per
scale, Usual usage of the term underemployment implies that the employee is
not using all skills for which he has been trained. Our definition is an attempt
to measure such underemployment by simply looking at wages, rather thananalyz-
ing the job held by the graduate.

Now we can turn to the framework for the allocation of resources under
budget constraints using the combined unemployment and undercmployment
to express the policy targets.

Policy Targets and Budget Allocations

Determination of maximum targets of the regionally oriented policy is a first
step that expresses goals without regard to budget constraints. Maximum rar-
gets do not necessarily require exaet matching of supply and demand, as a strict
manpower-oriented policy would, since regional subpolicies do allow for an
oversupply. They thus state that for each region distinguished in the planning
process, demand should at least be met, with some oversupply allowed. The
DTE must decide for cach region exactly how much oversupply should be
allowed in terms of maximum unemployment and undcremployment rates.
Then, given these rates, using the flow modcl and the manpower forecasts, the
required budget can be calculated. This will be done in the section entitled
“Optimal Budget Allocations.” Similarly, the budget required to maintain an
exact matching of supply and demand can be computed. If the total budget
available is between the maximum and that required to attain zero uncmploy-
ment z2nd underemployment in all regions, an allocation problem emerges. In
order to choose among alternatives, the DTE must attach preferences for
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attaining tl:e maximum rate in each of the divisions (to be indicated by a figure
in a scale, say, from 0-10). The preferences allow for calculation of the optimal
budget. The set of maximum targets and preferences is called the target matrix.

Let us clarify this with the following example of how the DTE determines
the target matrix: The maximum under- and unemployment rates are 0.05,
0.07, 0.05, 0.10 for regions 1, 2, 3,and 4 respectively. The total capital budget
required to attain the rates exactly is Rs. 1.78 million (the maximum budget).
The capital budget required to attain zero unemployment and underemploy-
ment rates in all regions is Rs. 1.4 million. To determine the allocation of a cap-
ital hudget of Rs. 1.64 million preferences 3, 3, 5, 5 are attached for wtaining
the maximum ratcs. If optimality is defined by a criterion expressed iv: quad-
ratic form to permit both positive and negative deviations, then the allocation
problem is based on the following calculation: minimize the squared deviations
of the actual unemployment and underemployment rate from the normative
rate, multiplied by (“weighted with™) the preference summed over all regions.
In symbolic form we want to minimize:

3(ung -.05)2 + 3(uny - .07)2 + S(uny - .05)2 + S(ung - 1072 (5.1)

where un; is the actual unemployment and underemployment rate of region i
(1=1, 2, 3,4) while the sum of the regional budget requirements does not
exceed the total budget allocated by the Ministry of Education or

4
Z b;<Rs 1.64 million (5.2)
1=

where b; is the capital budget of division i (i = 1, 2, 3, 4). This can be formal-

ized as follows:

Minimize

g 791.)2
i)=: lpr,‘(un,'-un,') (5.3)

where

‘-‘-"i is the target unemployment rate, in region i

un; is the actual unemployment rate in region i

pr; is the preference for attaining the target in region i
while

i< U (5.4)

1 ™MA

!

where_
U denotes the available budget.
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In this section we have discussed only allocations by region, It would be
equally important to determine allocation by region and technology. This dis-
tinction could be introduced without difficulty.

EMPLOYMENT QUANTIFIED: DEMAND FORECASTS

The demand for graduates of a technical institute is considercd to be an
exogenous variable for the system of technical education, that is, no actions
within the technical education system can influence the level of demand. Here
we understand “‘demand” to be demand within a certain fixed salary schedule.
Demand for graduates over a future period is the single most important detcr-
minant for decisions on the capacity of technical education under the present
policy of manpower supply. Every decision on a change in capacity reflects as-
sumptions on the demand for manpower that can be based on intuitive guesses
or on analytical calculations. For a complex system like the demand for man-
power, an analytical caiculation should be at least as good as an intuitive guess.
Quantitative projections are at least explicit, can be compared to what actually
happens, and thus allow for the improvement of the forecasting methods. Intu-
itive guesses remain generally indefinite and are of little help for future planning.

The analytical manpower projections of the manpower planning group of
the then East Pakistan Planning Department of Bangladesh are significant in
this respect. The Planning Department has given predictions of the demand for
polytechnic graduates in 1970 and 1975 as listed in Table 5.1, Scveral reasons
explain the great differcnces in demand shown here—the chief reason being the
forecast method used. The estimates are derived from the projections of the
demand for university-trained engineers, assuming a ratio of 5:1 for civil
engineers and of 3:1 for all other engincers in all three alternatives, and thus if
the forecasts for graduate engincers are incorrect, crrors in forecasts for poly-
technic graduates will be magnified.

Alternative | uses these ratios in a fairly simple relationship while alterna-
tives Il and 111 involve a voluminous amount of information and a number of
analytical steps; it is then difficult to find out the rclative influence of each
step on the predictions for graduate engincers. In our opinion, manpcwcer
planning must be a revolving exercise with planning models being constantly
updated and improved.

This is not the place to dwell at length on various techniques used in labor
demand forecasting. Interested readers arc referred to the works of Ahamed
and Blaug, Jallade, Bartholomew and Morris, and Parnes for details of manpowcr
planning.®
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TABLE 5.1

Demand for Polytechnic Graduates in 1970 and 1975

1970 1975
Alternative Alternative Alternative Alternative  Alternative Alternative
12 nb imb 1 n 1

Civil 5.000 £.000 3.650 6.000 11,000 5,600
Mechanical 1,650 1,285 1,2 3.600 3,000 2,400
Power, radio, and electronics 2,250 1,530 1,050 3,600 3,300 1,000
Chemical 600 745 600 1.200 1.875 1,050

Total 9.500 8,560 6.500 14,400 19,775 10,850

3Total number of graduate cngincers predicted is the weighted average of the number of engineers forecasted on the
basis of a lincar relation between investment and graduatc engincers and the number of engincers predicted on the basis
of a lincar rclation between output and graduate cngincers.

bTotal sectoral cmployment is computed from total output on the basis of logarithmic relations between employment
and output. scctoral emplovment is broken down into cmployment by occupation; employment by occupation is trans-
lated 1nto employment by cducaton.

Source Manpower Planning wnr East Pakistan, Planning Department, Government of East Pakistan (Dacca: East Pakistan
Government Press, 1969). Table 2-V-1, p. 44.Table 2-V-2, p. 47; Table 2-V-3, p. 50.
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A COMPREHENSIVE DECISION MODEL

The Mathematical Model

The three cornerstones of the decision model have been identified to be
(1) the decision oriented information system, (2) the policy quantification
framework, and (3) the mathematical model of training and employment. The
mathematical model has been developed in bits and picces before: the student
flow and manpower accumulation have been described in Chapter 2, the rela-
tionships between training capacity and costs in Chapter 3, the assumptions on
the employment market were explored earlier in Chapter 4, and demand fore-
vasting has been discussed in this chapter. Now these picces will be brought
together,

In constructing the model the distinction between control, state, exogenous,
and output variables as previously outlined will be maintained. Control variables
arc denoted by wu, state variables by x, output variables by y. and ecxogenous
variables by z.

Presented below is the mathematical formulation matching the verbal
description for the capacity training of technicians of a particular specialty in
an educational institute with a three-year maximum.

1. The creation of training capacity:

le'l = (1 -5)x,,l + llt (55)

where

#, denotes new investments in year t (a control variable)

%1 denotes the total depreciated investment in training capacity in
year t (a state variable)

8 represents the annual depreciation rate (a technical coefficient).
The allocation of new investments is assumed to be subject to the natural con-
straint:

u 20 (5.6)
This constraint says that training capacity cannot be sold out.
2. Enrollment in first-year class: The enrollment capacity in the first-year
class is an output variable:
l g) (5.7)
g =lxy - X x, .
Y.t =%,y j=27ti

where
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Yt = number of students enrolled in the first-year class

! = the reciprocal of the investments per student such that the
product Ix; ; indicates the total number of student places

xpj = number of students enrolled in year ¢ in the second-year class

(if j = 2) or the third (if J = 3). Both are state variables.

We have chosen “new investment” to be the control variable; as a result the
total training capacity is determined. If we assume that promotecs from the
first- and second-year classes have a priority in allocating the places available,
then the size of the first-year class is strictly determined by whatever is left
over, as is formalized in equation 5.7.

3. Enrollments in second- and third-year classes and stock of graduates. The
sizes of the second-and third-year classes are determined by promotion and
repetition:

X¢+1,2=G21Yp 1+ Q2% 2 (5.8)
or using equation 5.7:
%t+1,27 021 (Uxp - %y 3 -% 3) + agp%, (5.9)
and
(5.10)

Ft+1,37G32%, 2% A33%, 3

Here a,,, 1 .,y is the promotion coefficient from year class m to year class
m+1;and a,, ., is the repetition coefficient in year class m. The stock of
graduates is detcrmined by:

Xre1,4=(1-8)xp 4+ aq3%, 3 (5.11)

In equation 5.11, the stock of graduates in year ¢ +1 (%1 4 1,4) equals the
stock of the same graduatcs from the previous year with allowance for attrition,
and augmented by graduates from year ¢ ; the attrition rate is denoted by ¢
and assumed to be equal for all ycars.

4. Recurring costs. The education plan under which capacity decisions are
made specifies certain standards such as student-teacher ratios and library and
laboratory needs per student, which then are translated into recurring costs per
student. Recurring costs and teacher needs are found from the required recur-
ring costs per student and the student-teacher ratio with the number of students
as given by capacity decisions. They thus are output variables.

The total recurring costs of a course of a polytechnic then amount to:

Ye,2 7MY, 1 + HaXp 2+ H3X, 3 (5.12)



100 METHODOLOGY FOR PLANNING TECHNICAL EDUCATION
or with equation 5.7:

Yi,2= Mplxe g+ (- pp)%g 2+ (M3 -Hp)% 3 (5.13)

where y, 5 indicates total recurring costs needs in year ¢, and y; denotes the
recurring costs per student in year class j.

Thus equation 5.8 says that total recurring costs in a particular year equal
the sum of the recurring costs for the three-year classcs in that year.

The output variables, denoted by y, take on differing forms, for example,
y) indicates students, y indicates recurring cost, y3 indicates teachers, and
¥4 indicates the stock of unemployed graduates.

5. Teachers. The staff requirements are projected to be

Ve 3=V1Ye 1 +V2%,2+ V34 73%,3 (5.14)

or after substitution of equation 5.7

Ve, 3=Y1lxg g+ (Ya=vp)% 2+ (Y3-71)% 3 (5.15)

where y, 3 stands for the total number of teachers required in year ¢ and /i
denotes the teacher-student ratio in year class j.

6. Demand for graduates. Forccasts of the demand for employment have
been discussed previously. Demand for graduates in a year ¢ is exogenously
dctermined and is denoted by z,. Over and under supply is defined by the dif-
ference between supply (the stock) and demand and is denoted here by y, 4:

Ve 4 =%, 4" % (5.16)

The combined unemployment and underemployment rate denoted by un,
cquals

uny=——=1-— (5.17)
Summarizing items 1 through 6 and rewriting the equations in vector form, we
recognize a system of difference equations denoting student flow and stock
accumulation:

Xpeg =Axe+ by (5.18)

where x, is a vector with elements Xt i (j=1234) and A is the four by four
matrix:
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(1-5) 0 0 0
azy! (ag2-azy) -az; 0
A= (5.19)
0 azz a3 0
| 0 0 aq3 (1-%) i

The first and only nonzero element of vector b is 1. Then from equations 5.7,
5.13, 5.15, and 5.16 we can express output as a linear combination of the state
and the exogenous variable:

Yy =Cx, +dz (5.20)

where y, is a vector with elements Yt (j=1,2,3,4) and C isa four by four
matrix:

l -1 -1 0

Mpl (p-up) (g 0
C= (5.21)

Yo (y2vp) (- 0

N 0 0 0 ! ]
d isa column vector: d = {0, 0,0, -1 )

The information system is vital for the updating of the mathematical model.
All coefficients have been assumed to be constant over time. Of course, they
are actually only constant in exceptional cases (for example, if a cocfficient is
normatively determined). Most cocfficients are, however, not time dependent
cither; or if they are, we do not know what the relationships between the
cocfficients and time dependent variables are. The coefficients vary over time.
The time-varying aspect of the cuefficients can be incorporated better ina
model by updating the model rather than assuming time trends for the varia-
tion of the cocefficients over time.

In one aspect the model described above is different from the treatment of
the previous sections: real investments are used here instead of rental values.
The decision maker nevertheless will be required to think in rental values as
well as in real investments in order to judge the annual costs incurred in allo-
cating these real investments.

For the interpretation of the investment cost per student and recurring costs
per student variables, the following should be borne in mind: New investments
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are aggregated into one single decision variable, In pra:tice the new investments
are composed of a mix of investments in land, classroom, laboratory, and over-
head space, foreign exchange, local currency, and overhead inventory. The rela-
tions between the elements of the capacity are supposed to be known and rigid.
Total investment then can be broken down into its constituent elements, but
need not be the same for all courses and for ali polytechnics. For example, the
rental of an acre of land may be more costly in one region than in another,
while the foreign exchange in inventory costs per unit may be the same over
the whole country. A consequence is that the same amount of money may not
create the same number of student places in different regions. Similarly, total
recurring costs are composed of the recurring costs of different categories
(maintenance, classroom and instruction material, ctc.). From the total re-
curr-ing costs the individual cost categories can be calculated.

Optimal Budgeting

Budgeting is called optimal if the budget distribution reflects as closely as
possible, under given constraints, a given policy. Constraints can appear in the
form of a budget limit—if cxpansion is required—or in the form of the existing
training capacity when manpower goals dictate a sharp decrease of capacity.
Optimal budget allocations are then derived with the mathematical model. To
do that the policy has to be expressed in quantitative terms (sec the section on
“From Policy to Quantified Targets”).

No time period has as yet been specified for the planning process, indicating
that the model described can be applied equally to short-term (one year),
medium-term (five years), and long-term (ten to twenty years) planning of
budget allocations.

The model to be used for an optimal budget control has been described in
this and the preceding section. The objective function can be expressed as
follows:

. T+4 —
Minimize 24 pry(ung - unt)z (5.22)
t=

where ¢ = 0 denotes the initial year of the planning period

T denotes the final year of the planning period

u—nt is the normative value or maximum target for the year ¢

un, is the actual value of unemployment for year ¢

pry is the preference for attaining the maximum target in year ¢ ; or,
rewriting equation 5.22 using the relationship between demand and supply of
cquation 5.17:
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T+4 Zp o~ 2
Minimize Z pr,{1- -1 -un (5.23)
t=4l’ e 4 t}
Xpe] =AX +buyy (5.24)

while selling capacity off is prohibited:
u, 20 (5.25)
with the initial value of the x vector given by x, so that
X1=0=%p (5.26)
In addition, budget constraints can arise, so that
T -
2 u<U (5.27)
t=0

and U is the maximum budgert available over the planning period.

The period for summation in the objective function runs from ¢ = 4
to t = T+4. This is necessary since new investments do not create output (of
new graduates) until four years later. As a result the cffects of the investment
during the planning period are to be found in the output of graduates four
years later.

OPTIMAL BUDGET ALLOCATIONS

Under different circumstances of budget constraints, the path of demand for
graduates, and the length of the time period, the problem of finding the optimal
investment trajectory can be solved by relatively simple mcans. Such solutions
will be explored in this section. If for a longer-term planning period, (a) the
budget constraint is binding, thar is, if the budget requirements to satisfy man-
power necds exactly are above the actual budget available, or (b) the demand
trajectory fluctuates “‘considerably” over time, or (a) and (b) appear simul-
tancously, then the prablem of finding the optimal budget allocations most
often requires more sophisticated mathematical techniques, like quadratic
programming,” explored in the following section.

For the present, we will consider situations under which optimal budget
allocations can be obtained. Such circumstances are (1) the planning period is
one year only; (2) the budget constraint is not binding and the demand trajec-
tory is smooth enough as not to force the selling off of training capacity; these
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are called simplifying assumptions in the calculation of the optimal investments.
If it follows from the optimal solution that, in fact, at some point in time train-
ing capacity has to be sold off, but that the budget constraint is not binding,

then the solution can be found with simpler means than quadratic programming.

One-Year Optimal Budgeting

A slight difference occurs in the use of the model for the short-term, on the
one hand, and medium- and long-term planning, on the other hand.® The one-year
budget allocation problem is clearly based on achieving the maximum targets
(weighted with the preferences) at the end of the year on which the new invest-
ment has an impact. Longcr-period allocation problems, however, are concerned
with minimizing the sum of the annual squared differences of the actual unem-
ployment and underemployment rates from the maximum targets, weighted
with the preferences, over the total planning period, rather than minimizing the
squared differences of the rates from the maximum targets in cach year of the
planning period. The one-year planning process aims at minimizing a single
squared deviation, the longer planning process aims at minimizing a sum of
squared deviations which iay not be the same as minimizing cach squared
deviation scparately.

If the problem is restricted to finding that value of investments in year ¢=0
which minimize the deviation between actual and target unemployment rates,

unt=4 = u_nt=4 (5.28)

or with equation 5.17:

Zt=4
1-= = gn, - (5.29)
Xt=4,4 t=4
such that
- = Zt=4
Xi=4,4 (B ) ’Wt=4) . (5.30)

If the target supplies of graduates are known in year t=4, the budget allocation
required to match these stock sizes (&,) can be traced back as follows:
Third-year enrollment in year ¢ = 3, using equation 5.10:

" 1 _ I i,
¥=33% g3 Fe=4,470,; (1 -D%=34 (5.31)

Second-year enrollment in year ¢£=2, using equation 5.9:
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1 a

- - 33—
X1=22"" %=33"" %4=23 (5.32)
a32 @32
Total training capacity in year ¢=!:
- I . a22-%y, I
R R B e TP R TR P (5.33)
ayy ay! !

With equation 5.5, we find then:
i‘t=0=it=1,1'”'6)fl=0,l' (5.34)

The variables used at the right-hand sides are—with an exception of the stock of
graduates in year ¢ = 4—determined by the enrollments and the accumulated
investments in training capacity in year ¢ =0. Thus they arc known . the time
the dccision on new investments, s -, has to be made.

Optimal Budgeting under Simplified Conditions
for More than One Year

Investments tend to follow a smoothly increasing trajectory, and sudden
and large changes in the sectoral demand for graduates need not be expected. If
indeed the assumption of smoothness holds, if the supply satisfies the demand
at the initial time, and if no budget constraints are imposed, or if the budget
constraint is not binding, then the minimization of the sum is the sanie as the
minimization of the squared deviations for cach of the years. Under such
circumstances, the same recursive procedure of calculating the optimal values
of new investments, #,, can be used as in the previous section.

Let us examine how this is done. Consider a five-ycar planning period (from
=0 to t =5). Suppose the series of demand forecasts is given. Henee the tar-
jet supplies of graduates (denoted by Xy 4) over the period t=4 to ¢ =2 are
<nown (calculated in equations 5.28 through 5.30). An optimal budget alloca-
‘ion aims at matching these target supplics as closely as possible with an actual
upply.

Let us assume that the target supplies (%, 3) and the actual supplies match
:xactly. The recursive cquations developed in the previous section can be ap-
lied to calculate the budget allocations required. Enrollment in the third-year
‘lass is determined by the following set of equations (see also equation 5.31)
or the period t=3 to t=8:
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1 (1-¢)
%83 = —Fgg-— 3z
0437 0% Tagy 84
1 (1-%)
%73 = —zg4- %
Gg3 84~ g N1
(5.35)
1 (1-%)
%33 T ——i44-—3
ag3*44 ag; 34

In the last equation the symbol %3 4 now stands for the stock of graduates in
year t =3 resulting from the initial conditions. Similarly, enrollment in year
class two can be calculated (compared with equation 5.32) for the years ¢ =2
tot=7:

1 a3
xX72 = Exz,e‘a—;xz.?
(5.36)
1 a33
X22 = xX33- X2.3
az2 asz

The series of enrollments in the third-year class (x;,3) have becn calculated
before except for the ¢nrollment in the third-year class in year ¢ = 2, which is
determined by the initial conditions.

The total training capacity can be computed in accordance with equation
5.33tobeforycars t=1 to t=6:

iy = 207022 L
61 7 Ig,, 712 lag, 6277763
(5.37)
xl 1 = _I X +a‘——_21-a221‘1 +Lx
» 1a21 ’ 10.21 ,2 l I,J

Finally the budget allocations compatible to the given scrics of target supplics
can be calculated from equation 5.34:
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us = xg,1~(1=8)xs5
ug = x5 (1-8)xq,

(5.38)

up = xp,1~(1-8)xg
The two assumptions concerning the smoothness of the demand trajectory
and the size of the budget may not hold. Then demand cannot equal supply
over the whole planning horizon. The results found should be used to check
the validity of these assumptions.
Two scparate tests arc involved:
1. Is the budget constraint satisfied by the sequence of investments g
through u5 as calculated, or is
5 -
<
gout\U ? (5.39)
2. Was the demand trajectory smooth enough so as not to force selling of
training capacity, or is

u, 20 for t=0,1,234,5?7 (5.40)

If one of two or both tests belic the assumptions made, we would resort as a
rule to a more general solution technique like quadratic programming (as will
be given in the section cntitled “Optimal Budget Allocations—A Quadratic
Programming Problem™), in which the constraints of equations 5.39 and 5.40
are explicitly taken into account.

Optimal Budgeting under Erratic Demand for More than One Year

The use of quadratic programming for this relatively simple and strucrured
problem is not always necessary. Instead, a solution can be found directly by
simpler reasoning, if the budget constraint is not binding. Although we do not
use quadratic programming for this one-year solution, we do nced a quadratic
objective function to permit deviation of target from actual supply in either
direction.

We now permit the case of oversupply and therefore the need for restricting
investment. It is intuitively clear that in the casc of a theoretical solution of
negative investment in a year £ -4 that the practical investment in that year
will be zero. But as a result, the supply in the year £, four years later, will
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probably exceed the target supply. Suppose that in the original solution a posi-
tive investment ;.5 would have insured that the actual supply would exactly
meet the target.

unj_y = un;_, (5.41)

The combination of this choice of u;_g and #;_g = 0 will lead to deviations
between actual and targeted supply of zero in year i~/ and b inyear { (see
Figure 5.1, dashed line). The quadratic abjective function registers this devia-
tion of an actual from a target. Now this deviation is equal to pribz. The
deviation of the actual from the target in year 7 would be less if, in the pre-
ceding year, some difference between actuals and targets would have been al-
lowed. This situation is depicted in Figure 5.1 by the dotted and dashed line.
All those controls, ui s which insure that

(pri_ 12 + pria) < prib? (5.42)

are better than the original choice of ui.5. That choice of u;_g is optimal for
which the sum (pr;_ ;¢ + pra?) is minimal.

This solution procedure thus is based on the reasoning that the criterion is
minimized by equalizing all actual supplies with target supplies. If this equali-
zation is not feasible at a certain point of time, then the actual supply of the
preceding year is adapted to make deviations minimal. However, demand is so
erratic that it forces new investments to be negative but only at one point in
time, and thus minimizes the criterion over those two years, while for the rest
of the planning period, actuals remain to match targets.

The optimal control required to steer the actual supply of year (£-2) —
which matches the target supply—to an actual supply of year (i-1), or u;_g,
can be calculated as follows:

1. Express the actual supplics in the years (i-1) and (#) in the initial condi-
tions and the serics of investments Ho, Uy, Up, ... Ui g, Ui §, Ui 4.

2. Itis known that u;_4 is minimal (zero). Conscquently, the actual sup-
plies can be expressed from the initial conditions, the series of investments
g, uy, ..., ui_g, and the unknown investment ui_g.

3. Choosc #;_g in order to minimize the criterion after the two years (i-1)
and .

The mathematical formulation of this improvised solution can be found by
expressing actual supplies in (£-1) and 7 in terms of the initial conditions and
the investment trajectory, as follows:

Let us express the vector x at time =1 in terms of x at time =0, and
the control at time ¢=0 with cquation 5.18:



actual and target supply

Deviation between
(un - Gng)

FIGURE 5.1

Optimal Supply If Target Supply Is Not Feasibie

Target supply
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(if the target supply at time t-1 is exactly met)

————— Optimal supply
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xp=Axqg+bug (5.43)

Similarly, the vector x of time £=2 can be expressed in the vector x at
time £=/ and the investment of that time:

xp=Ax;+bu (5.44)
Now we can substitute equation 5.43 in equation 5.44 such that
52=A2£0+Aguo+b_ul (5.45)
Following this pattern the vector x at time ¢=/ can be expressed in the
vector x at time £=0 and the controls between ¢=0 and t=i-1. Let us define
the matrixes:

B; = Al for i=0,1,2,.f (5.46)

The elements of matrix B; are defined as follows:’

Fﬁ,,,i 0o 0 o0 ']

Ba1i B22,iB23,0
B; = (5.47)

B31i B34,.B33i0

| Ba1,i  Bq2,i Ba3,i Bag,i

Note that

Bp= (5.48)

and B; =A (5.49)

The manpower supply of time # thus is:
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*£4 = B41,/%0,1 + B42,/%0,2 + Be3,%0,3 + B44 §%0 4

+Bari-1u0+ Bayg2up+ "+ Bay quis + By 3ui.4 (5.50)
4 t-4

= X Baisxoi+ Z Bgy ju; (5.51)
i=1 ! 4 1=0 4

If the target supply of year f requires that new investments in year (i-4)
become negative, then in practice:

up_4=0 (5.52)

The supply in year £ is now expressed in the known set of initial conditions,
the known set of investments over the period +=0 to ¢ =#-6 and the unknown
investment in year (i-5), (u;_s).

The supply in year (i-1) is expressed by:

4 -5
147 X Bair-1%0i+ Z g1 i-2-ivi (5.53)
The control u;_g is now optimal if the following expression is minimized:
W=pri s (xi-1,4- %1 402 + priteg 4 - 71 )2 (5.54)

The expression is minimal if the control satisfies the first time derivative of
the expression with respect to the control to be zero:

aw
duj.s
Pri-1Ban, 35 1,4- %5140+ pribag g (ci 4-3;.4) = 0 (5.56)

=0 (5.55)

Let us define for convenience sake:

=P"t'-lﬁ‘”,.? (5.57)
Pribes 4
(We assume pr, > 0).
The expression 5.56 then can be written to be:

Ui 1,4+ xiq=VZ 4+ %4 (5.58)
This can be rewritten after substitution of equations 5.51 and 5.53 with the

assumption that u;_4 = 0 of equation 5.52 in terms of the unknown new in-
vestment, 1;_g, and other unknown terms:
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i .4

(WBa1,3+Pas,a)us-5 =4 %514 + B 4 - ;2 (WBaif-1 + Baipxo i
i-5 (5.59)
= 2 WBg 1 5-2-i* Ban o1

The solution becomes somewhat more complicated if the decrease of the
supply follows a longer-term trend. Particularly, the situation may arise that
the optimal investment in year (f-5) with respect to the feasibility of one
target supply in year f as discussed renders a negative investment in that year
(£-5). To solve this problem the same reasoning can be followed and the opti-
mal investment in year (£-6) can be computed under the assumption that both
the investments in the years £-5 and £-4 are the minimum feasible investments,
that is, zero. The general solution to such problems will be given in the follow-
ing section using quadratic programming. The procedures that we have just
outlined thus allow us to calculate the optimal series of investments required
to meet the targct supnlics as closely as possible over the planning period, if the
budget constraint is not binding, whatever the shape of the demand trajectory.

OPTIMAL BUDGET ALLOCATIONS—
A QUADRATIC PROGRAMMING PROBLEM

Statement and Solution of the Problem

This time we shall proceed to consider the nonlincar programming problem
in full without making any assumptions concerning the smoothness of the de-
mand trajectory or whether the budget constraint is binding or not. Also, we
shall consider explicitly in this section different technologies k and different
institutes (or regions) i where graduates are trained, adding theorctically two
subscripts to the equations. A reduction with one subscript can be accomp-
lished by combining the subscripts for technology % and region i into one
“station” subscript p such that

p=1 if i=1and k=1

p=2 if i=2and k=1
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p=4 if i=4and k=1

p=5 if i=1 and k=2

p=9 if i=1and k=3
etc.

The optimal budget allocation problem is then defined to be:
Minimize |5 % ( %) 4 .p)° (5.60)
inimize tp (% - X .
¢S4 p=1 Prepeap=*t,4,p

where T is the length of the planning period, ¢ is the total number of sections,
ind Prep is the preference for attaining the maximum target in year ¢ in sta-
tion p subject to the constraints.

1. System equations:

£t+l,p=A£z,p+!’_p"z,p (5.61)
2. The control inequality:

U,p 20 (5.62)
3. Budget constraints:

s $
p> ug,p SU (5.63)
t=0 p=1 "
As shown in equation 5.51, the stock of graduates s in a year ¢ can be
:xpressed analytically in the initial conditions and the flow of investments
rom t=0 through t=t-4:

4 t-4
%.4p= .2 Bairp*oip*t Z Pase-i-1,p%ip (5.64)
Thus the difference between actual and desired stock can be written as
_ t-4
*4,p " Fta,p 7 2 Bare-i-1p¥ip* b (5.65)

vhere
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4
bxt,p = i§1ﬂ4i,t'p xO,i,p - xt'4,p (5.66)
The programming problem is then—after writing out equation 5.60 with
5.65—defined as follows:

Minimize p%I pra.pBarzpuop* bx4’p)2
+P15.p (ﬂ41'4'p up,p * 541'3", upp* bx5'p)2
+pr6,p Ba1,5.p40.p* Bar 4p¥1.p* Pa1,3,p12,p * bx6,p)2

+ Ut prreapBanTe3p%0,p * Bar T2 pM1pt

*B41,3,p4T,p * bxT1 4,0 (5.67)

This criterion can be written as:

Minimize p%I (y_p plp* Zz_p ’ip) + a term that is beyond contro:.5'68)
Here the apostrophe sign (') denotes the transpose of a vector, while the vector
{l_l_p =Ug pUpp - '"T,p} is of dimension (T + 1). The matrix S, is symmetric
and is shown in Figure 5.2. S, is square and of dimension (T = 1). An element
of Sp in the k’th row and the j’th column is to be denoted by Skj,p+ SO that

T+4-j
Skjp = E, Barivj-kpParipPri+jp (5.69)

The vector function r p is equivalent to:

pome -

T+2

Z b%ivrp PaLipr,,
i=3

T+2

2, biv2p Basipbrie2

Tp= : (5.70)

T+

, ;
| 2, bx743,p Ba1,2p P77+ 3]

Equation 5.67 can now be used to replace the original set consisting of the
objective function of equation 5.60 and the systems equations of equatiun
5.61. The constraints on the control equations 5.62 and 5.63 remain, however,
forming with equation 5.67 the quadratic programming problem.
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Z,Plitlp B31,i,p I, Priv2pB31,iv1 pB31ip) (2 PTi+3p831i42,0B31ip° PrT+3,0B31,T+2,pB31,2,p
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The constraint on *“disinvestments," or selling off of capacity can be consider-
ably relaxed, if desired. Rather than using the inequality constraint of equation
5.62, we shall demand that

xy,1 2 I/l(xt'z + xt'3) (5.71)

Disinvestments are now allowed up to the point where enrollments in the first-year
class become zero.

The new—implicit—minimum constraint on annual investments of equation
5.71 can be written as an explicit constraint. For this operation we shall omit
the station subscript p:

up.y 21 (xz + x5 3) - (1 -8)xi.11 (5.72)
Now each of the right-hand-side variables of equation 5.71 ean be expressed

with equation 5.18 in the initial conditions and the sct of investments from
t=0 through t=7-2:

3 i-2
2= Z Boifroi) + Z o B21,-1-iw) (5.73)
1= 1=
3 i-2
*i3= 2, Gsiimo )+ T B315-1-im) (5.74)
: i-1 52 i-i-2
Xp-1,0=(1-8)""xg 1+ iEO“ -8)t1-4 y; (5.75)

Substitution of equations 5.73 through 5.75 in equation 5.72 gives:

t : .
Ui- 1 ".EO{’”(”Zl,i-I-i *B31,5-1-i) - (1-8) Ty

3 i (5.76)
21/ '21 (ﬁz,‘,t'-f ﬁ3i'i)x0.,‘ - -6)':\‘0.1
1=
Equation 5.75 can now be written in matrix form as:
Vuzuw (5.77)

The matrix V is square and of dimension (T + ). The upper triangle of the
matrix contains only zcros, the diagonal only ones, and the elements on lines
parallel to the diagonal in the lower triangle are equal to
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%ji =0 ifj >k

[}
~

ifji = k (5.78)

Yhj = Vk+lj+1 ] <k
while

Uk,"

{~B21,k-j * B3y p-iyd + (1-8)%71) (5.79)
A typical element j of vector w is
3 .
wj= I/IiEI(BZi'j + ﬁ3i,j)x0,i -(1 -5)’x0',' (5.80)

This can be checked by writing out equation 5.77 for the minimum investment
constraints for a number of years:
1. Investment constraint for time ¢t =0, f=

3
ug = 1/1 _21 (ﬁZi,I +ﬁ3i,l)x0.i ‘(1-5)160'1 (5.81)
1=
2. Budget constraint:

T 9 _
z 2w p S U, which was equation 5.63.
t=0p=1 "

3. Minimum budget allocations:
Vp up P Wp which was equation 5.77.

Matrixes S and V are given in Figures 5.2 and 5.3 respectively.

Quadratic programming problems are extensively described in the opera-
tions research literature.'® Several algorithms for the solution of these prob-
lems have been developed. For this study we shall use a subroutine developed
by the computer center of the University of California (Berkeley) based on the
Lemke-Howson algorithm for which the matrix S must either have all ele-
ments positive, have positive principle minors, or be positive semidefinitely.'!

A Numerical Example

A numerical example using Bangladesh data will be given to demonstrate
how to usc the decision model as a means of calculating the optimal invest-
ments with respect to the objectives of the government agency, in this case, the
Directorate of Technical Education. The values of the coefficients and the
initial conditions will be chosen as realistically as possible.
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Before choosing values for the coefficients, the initial conditions, and the
duration of the planning period, we shall outline the steps taken in the compu-
tation of the optimal investments.

Step 1

Corapute the minimum feasible supply of graduates resulting from the
initial conditions, that is, if investments lead to zero enrollments in the first
equation. This step does not require knowledge of the trajectory of target
supplies. Target supplies should always excced the minimum feasible supply,
which is computed in this step.

Step 2

Given the trajectory of target supplies, calculate enrcllments and subse-
quently the new investments required to fund the student places calculated.
This calculation follows the recursive equations of a previous section of this
chapter (see “Optimal Budgeting under Erratic Demand for More Than One
Year”). If (1) all new investments calculated are positive, (2) all preferences are
cqual, and (3) the budget constraints are satisfied—or if no budget constraints
exist—then the optimal budget allocation is acquired from this step.

Step 3

If one or more of the above-mentioned conditions is not satisfied we can
treat the optimal resource allocation problem as a quadratic programming
problem. The structure of the computer program to calculate the optimal
budget allocations that satisfy the constraints of the minimum investment
(which lead to zero enrollments in the first-year class) and of the maximum
budget (which has been specified) is given in IYigure 5.4. Notice that the target
supplics are required solely to compute the value of the vector functions I,
(the terms in the criterion that are linear in the control). In the same step t{w
optimal investment allocations are used to compute the enrollments and the
stock over the planning period in cach of the stations. This third and last step
can be taken without going through Steps 1 and 2 since the quadratic pro-
gramming problem is the most generalized form of this manpower planning
problem.

The following set of values is chosen for the numerical example: The
planning period considered is five years. The number of stations considered is
four. The elements of the matrixes A (p = 1,2,34) are given in Table 5.2,
The valuc of the first and only nonzero elements of the vectors by, of equation
5.80 is the same for all stations and is equal to one. The depreciation rate of
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Structure of Computer Program for the Quadratic Manpower Planning Problem
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TABLE 5.2

Matrixes Ap

[ 90 0 0
Ap= [.00162 -61 -66
0 .85 .10
0 0 a7
[ 90 0 0
Ay = 00162  -.61 -.66
0 .70 .10
K 0 76
[_.90 0 0
A, - |00162 -6 -.66
37 o .80 .10
K 0 .60
[ .90 0 0
A, - |00162 =61 -.66
47 1o .75 .10
K 0 .76

.99

© o O

.99

(=TI ]

99 |

(=== ]

-

0
0
0

99 |
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capital has been put to be 10 percent, such that (1 -6) = .90. The capital costs
per student are estimated to be Rs. 407 so that azq =.66/407 = .00162. Both
values are considered to be independent of technology or region. The matrix

Cp is the same for all stations:

Matrix Cp

243 =1 0

C. - 2.64 0 0
P .0008 0 0
0 0 1

Recurring costs per student and teacher-student ratios are considered to be

forp=1,2,3,4

equal for all classes, and are Rs. 1,079 and .33 respectively. The initial condi-

tions for each of the four stations are:
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[ 915,343] [ 470,085]

, 352

Station 1: xq | = ?gz Station 2: xg 5 = 2;9
2'310.J 1,155

[1,030,524] [ 914,122]

Station 3: x 3 = ;(6)3 Station 4: % 4 = ggg
i l'oza | I,ZOIJ

This choice of coefficients and initial conditions is based on the Bangladesh
data recorded in the preceding chapters. We argue that these data are realistic
for the five-year planning period 1972/73 to 1977/78, leading to a stock forma-
tion until 1981. The four stations represent the four major technologies—civil,
electrical, mechanical, and power engincering—aggregated over all polytechnics
of Bangladesh. The results of this numerical example are as follows:

Step 1

The minimum supply trajectory of the four stations feasible with the initial
conditions and the flow cocfficients specified is recorded in Table 5.3.

Step 2

This step requires the specification of target supplies. Two trajectorics are
chosen: onc trajectory (1) is characterized by a smoothly increasing target;
another trajectory (I1) of target supplies is erratic. These target supplies are
given in Table 5.4. The investment and the enrollments required to meet these
target supplies are in Table 5.5 for trajectory I and Table 5.6 for trajectory 11.
All enrollments for trajectory 1 are feasible under the constraint of maximum
disinvestments allowed of equation 5.77. All target supplies are met exactly if
no budget constraints are imposed. Trajectory 11, however, requires enrollments
to become negative in order to meet the target supplics, or in other words, not
all target supplies can be met.

Step 3

1. We shall apply this step first to the erratic trajectory of target supplics
(trajectory I1) without imposing budget constraints and consider subsequently
trajectory I under budget constraints while all preferences Prp remain equal.

There is no interrelationship in meeting the crratic target supply trajectories
of the four stations simultaneously. Thus, the optimal investments can be



TABLE 5.3

Minimum Target Supplies Feasible, 1972-80

Total Recurring

YcarClass 1 Class2 Class3 Stock Investments Costs  Teachers
Station 1

1972 999 662 588 2,318 915,343 2,426,671 75
1973 0 666 622 2,748 524,216 1,389,752 42
1974 0 33 628 3,199 269,027 713,219 22
1975 0 1 20 3,650 37,037 98,189 3
1976 0 0 9 3,682 3,663 9,711 0
1977 0 0 0 3,652 0 0 0
1978 0 0 0 3,615 0 0 0
1979 0 0 0 3,578 0 0 0
1980 0 0 0 3,542 0 0 0
Station 2

1972 534 352 269 642 470,085 1,246,245 39
1973 0 356 291 840 263,329 698,113 21
1974 0 17 278 1,052 120,065 318,305 9
1975 0 0 39 1,252 15,873 42,081 1
1976 0 0 3 1,269 1,221 3,237 0
1977 0 0 0 1,258 0 0 0
1978 0 0 0 1,245 0 0 0
1979 0 0 0 1,232 0 0 0
1980 0 0 0 1,219 0 0 0
Station 3

1972 1,159 765 608 1,027 1,030,524 2,732,028 84
1973 0 772 673 1,382 588,115 1,559,155 48
1974 0 38 684 1,771 293,854 779,038 24
1975 0 1 98 2,163 40,293 106,821 3
1976 0 0 10 2,200 4,070 10,790 0
1977 0 0 1 2,183 407 1,079 0
1978 0 0 0 2,161 0 0 0
1979 0 0 0 2,139 0 0 0
1980 0 0 0 2,117 0 0 0
Station 4

1972 1,038 686 522 1,201 914,122 2423434 75
1973 0 691 567 1,586 512,006 1,357,382 41
1974 0 34 574 2,001 247,456 656,032 20
1975 0 1 82 2417 33,781 89,557 2
1976 0 0 8 2,455 3,256 8,632 0
1977 0 0 0 2,436 0 0 0
1978 0 0 0 2,411 0 0 0
1979 0 0 0 2,386 D} 0 0
1980 0 0 0 2,362 J 0 0
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TABLE 5.4

Target Supplies, 1976/77-1980/81

Station 1 Station 2 Station 3 Station 4

Year Traj.*1 Traj. 1l Traj.1 Traj.1l Traj.1 Traj. 1l Traj.l Traj.ll

1976/77 4,100 4,750 1,450 1,800 2,550 3,000 2,800 3,600
1977/78 4,550 4,000 1,650 2,600 2.950 2,600 3,200 3,200
1978/79 5,000 4,750 1,850 2,200 3,350 3,800 3,600 2,800
1979/80 5,450 5,750 2,050 2,150 3,750 3,000 4,000 3,600
1980/81 5,900 5,900 2,250 2,250 4,150 4,150 4,400 4,400

*Trajectory.

calculated separately for each station. The optimal investments are shown in
Table 5.7. Investments, recurring costs, and the number of teachers required in
every year are calculated.

As mentioned in the section on optimal budgeting under erratic demand,
the quadratic programming algorithm would not necessarily have to be used to
calculate the optimal investments. This section provides the base for an algorithm
that would require considerably fewer calculations. The structure of such an al-
gorithm is skown in Figure 5.5. This algorithm can only be used if the budget is
unconstrained. That implics, however, that the algorithm can be applied to each
station independently.

To illustrate the numbers involved in the examples, Figures 5.6 to 5.9 are
drawn to relare the minimum supply feasible to the target supplies (trajectories
land 11) and to the actual supply of trajectory I1.

2. Budget constraints imposed on the availability of investments essentially
change the structure of the optimal allocation problem. The calculation of the
optimal investment allocations for an crratic target supply trajectory (no budget
constraints) required, in general, a single-step iterative search: If the theoretical
investment allocation in a year (£-2) would forcc the enrollment in the first-
year class in year ¢ to become negative, then this investment was adjusted. The
new optimal investment could then be calculated in a single step with the al-
gorithm, the structure of which is given in Figure 5.5.

The iterative search for rhe optimal investment allocations for the system
considered under budget constraints takes more steps of subsequent adjustment.
For the quadratic criterion (or utility function) we have assumed a quadratic
programming solution is requireJ to find the optimal investment allocations.

As an example, let us consider the same four stations and let the parameters
(coefficients) of the systems equation remain as in the examples without budget
constraints. All preferences prp also remain equal to one. The target supplies



TABLE 6.5

Recursive Calculation of Investments and Enrollments—Trajectr -y |, 1972-80

Total

Class  Class Class Depreciated Recurring New
Year 1 2 3 Stock Investments Costs Investments Teachers
Station 1
1972 999 662 508 2,318 915,343 2,426,671 90,313 75
1973 960 665 621 2,748 914,122 2,423,434 99959 74
1974 972 667 628 3,199 922,669 2,446,093 99,593 75
1975 980 675 630 3,651 929,995 2,465,515 84,941 75
1976 989 681 637 4,100 938,949 2,489,253 102,849 76
1977 999 687 643 4,550 947,903 2,512,991 7i
1978 694 649 5,000
197% 655 5,450
1980 5,900
Station 2
1972 534 352 269 642 470,085 1,246,245 47,416 39
1973 512 354 290 840 470,492 1,247,324 47,049 38
1974 523 356 277 1,052 470492 1,247,324 50,712 38
1975 525 363 277 1,252 474,155 1,257,035 52,707 38
1976 531 365 282 1,450 479,446 1,271,062 52,829 39
1977 537 369 284 1,650 484,330 1,284,010 39
1978 373 287 1,850
1979 290 2,050
1980 2,250
Station 3
1972 1,159 765 608 1,027 1,030,524 2,732,028 105,901 84
1973 1,100 768 671 1,382 1,033,373 2,739,581 128,970 84
1974 1,155 765 o082 1,771 1,059,014 2,807,558 121,774 86
1975 1,159 801 681 2,163 1,074,887 2,849,639 124,990 87
1976 1,170 805 709 2,550 1,092,388 2,896,036 119,007 89
1977 1,180 813 71> 2,950 1,102,156 2,921,932 89
1978 820 722 3,350
1979 729 3,750
1980 4,150
Station 4
1972 1,038 686 522 1,201 914,122 2,423,434 58,445 75
1973 911 688 566 1,586 881,155 2,336,035 97,884 71
1974 980 636 573 2,001 890,923 2,361,931 91,534 72
1975 981 679 535 2,417 893,365 2,368,405 105,617 72
1976 990 682 563 2,800 909,645 2,411,565 99,105 74
1977 999 688 568 3,200 917,785 2,433,145 74
1978 694 573 3,600
1979 578 4,000
1980 4,400
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TABLE 5.8

Recursive Calculation of Investments and Enrollments—Trajectory 11, 1972-80

Class Class  Class Total Recurring
Year 1 2 3 Stock Investments Costs Teachers
Station 1
1972 999 662 588 2,318 915,343 2,426,671 75
1973 2,466 664 621 2,748 1,526,657 4,047,329 124
1974 -2,013 1,661 627 3,199 111,925 296,725 9
1975 2,083 -1,246 1475 3,650 940,984 2,494,648 76
1976 2,141 1,313 -912 4,750 1,034,594 2,742,818 84
1977 124 1479 1,025 4,000 1,069,596 2,835,612 87
1978 156 1,360 4,750
1979 269 5,750
1980 5,900
Station 2
1972 534 352 269 642 470,085 1,246,245 39
1973 1,508 354 290 840 875,864 2,322,008 71
1974 2,091 1,013 277 1,052 1,376,067 3,648,099 112
1975 -1,405 1,431 737 1,252 310,541 823,277 25
1976 92 -856 1,076 1,800 126,984 336,648 10
1977 350 18 -492 2,600 - 50,468 - 133796 -4
1978 232 ~36 2,200
1979 159 2,150
1980 2,250
Station 3
1972 1,159 785 608 1,027 1,030,524 2,732,028 84
1973 2,522 768 671 1,382 1,612,127 4,273,919 131
1974 -1,565 1,703 682 1,771 333,740 884,780 27
1975 4,056 -948 1,431 2,163 1,847,373 4,897,581 150
1976 -2,988 2,630 -616 3,000 - 396,418-1,050,946 -32
1977 4,103 -1,841 2,043 2,600 1,752,135 4,645,095 142
1978 2,616 -1,269 3,800
i979 1,966 3,000
1980 4,150
Station 4
1972 1,038 606 522 1,201 914,122 2,423434 74
1973 3,038 688 566 1,586 1,746,844 4,631,068 142
1974 -1,440 2,040 573 2,001 477,411 1,265,667 39
1975 -815 -849 1,588 2,417 -30,932 -82,004 -3
1976 2,340 -581 -478 3,600 521,367 1,382,199 42
1977 1,885 1516 -484 3200 1,187,219 3,147,443 926
1978 1,320 1,089 2,800
1979 1,099 2,600
1980 4,400
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TABLE 5.7

Optimal Investments, Trajectory 11, 1972-80
(computed with quadratic programming algorithm)

Class Class  Class Total Recurring New
Year 1 2 3 Stock Investments Costs Investments Teachers
Station 1
1972 966 662 588 2,318 915,343 2,426,671 297,069 75
1973 1,466 666 622 2,748 1,120,878 2,971,566 -345,707 91
1974 1 1,000 628 3,199 663,003 1,757,691 175,376 54
1975 935 50 912 3,650 772,079 2,046,863 539,967 63
1976 2,282 619 133 4,315 1,234,838 3,273,686 -216,768 101
1977 122 1,537 539 4,374 894,586 2,371,642 73
1978 157 1,360 4,745
1979 269 5,744
1980 5,893
Station 2

1972 534 352 269 642 470,085 1,246,245 506,512 39
1973 1,637 356 291 840 929,588 2,464,436 134473 76
1974 1,010 1,098 278 1,052 971,102 2,574,494 -256,573 79
1975 0 721 796 1,252 617,419 1,636,843 -303,337 50

1976 0 36 584 1,844 252,340 668,980 -192,251 20
1977 1 1 83 2,269 34,595 91,715 2
1978 0 8 2,309

1979 0 2,291

1980 2,268

Station 3

1972 1,159 765 608 1,027 1,030,524 2,732,028 405,453 84
1973 1,830 772 673 1,382 1,332,925 3,533,725 -413,716 109
1974 1 1,246 684 1,771 785917 2,083,549 417,623 64

1975 1,637 62 1,065 2,163 1,124,948 2,982,356 -508,180 92
1976 0 1,083 156 2,780 504,273 1,336,881 928,733 41
1977 2,462 54 881 2,845 1,382,579 3,665,363 113
1978 1,627 131 3,345

1979 1,314 3,390

1980 4,144

Station 4

1972 1,038 686 522 1,201 914,122 2,423,434 422,710 75
1973 1,802 691 567 1,586 1,245,420 3,301,740 -389,092 102
1974 1 1,223 574 2,001 731,786 1,940,042 236,955 59

1975 1 61 974 2417 421,652 1,117,844 152,869 34
1976 1,162 3 143 3,133 532,356 1,411,332 672,690 43
1977 2,047 767 16 s2'0 1,151,810 3,053,570 94
1978 1,389 576 3,190
1979 1,099 3,595
1980 4,394
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FIGURE 5.5

Structure of Algorithm for the Solution of
Optimal Investments under Erratic Target Supplies
Without Budget Constraints

N

Calculate with recursive
equations 5,35 to 5,38
enrollments in year classes
one to three and investments
over the period 0 to T

*
T

no

no
t=T+1

Is enrollment
first year Class 1

yes

smaller than zero ?

yes

Calculate the investments in year
(t - 1) with equation 5.42,

Y

Recalculate with the new
investment in year (t - 1)
the enrollments in year
class one to three, the
stock and the rental value
over the period t to T
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FIGURE 5.6

Supply Trajectorfes: Station 1
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FIGURE 5.7

Supply Trajectories: Statlon 2
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FIGURE 5.8

Supply Trajectories: Station 3

.ock of
JLEs Trajectory 1 A?
Actual and Target 78
gy
%
3800 |- S,
X /// s
A
/ s |
Trajectory 11 \'\ , .." /
Target / < S/
3400 [~ J ol s
/ ﬁ’l..o\"".o /
i o/
14 N
3000 [~ / 4 A
I 4 ¥
/7 N\, / 0','
/,
o\nN'V" /
; Pty Trajectory 11
s 7N\, / - Actual
SN
2600 [~ e/ s
'l. '
R
e,
i
L"/
2200 [ )_Z_/_: 4 N
, -\.\i
Vs
/
1800 - /,’ Minimum Supply Feasible
/
X
/
/
Vs
’
Vs
’
1400 |-/
y
4
3
<
1
] 1 1 1 ] 1 i
0 ' 2 3 4 s 6 4

Year

131



FIGURE 5.9

Stock of Supply Trajectories: Station 4
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A DECISION MODEL FOR TECHNICAL EDUCATION 133

are specified by trajectory 1. The total budget required to satisfy the needs for
investments over the five-year planning period can be calculated from Table 5.5
and is approximately Rs. 1.70 million for all stations. We now calculate the
optimal investment allocations if the budget is limited to Rs. 1.64 million.

The solution to this problem is shown in Table 5.8 and Figure 5.10. The
optimal investments are used to calculate the enrollments, manpower accumu-
lation, recurring costs, and teacher requirements. This solution is far from
trivial. If a policy maker accepts the basic assumptions of the model as valid,
especially if he considers that the size of the first-year class can be manipulated
while the sizes of the second- and third-year classes are determined from the
first-year class, then the model is of practical significance.

Trivial solutions would spread the difference between the budget required
to satisfy target supplics fully and the actual budget cqually (or proportionally)
over all years of the planning period and over all stations. Such trivial solutions
would imply a smoothly increasing annual rental value allocation for cach
station,

It is shown in Table 5.8 that the optimal total investments, in fact, decrease
cach year in a far-from-smooth way for cach station. The interpretation of the
decreasing total investments lies in the accumulative nature of a stock of man-
power. The difference between actual and target supply is namely carried over
from one ycar to the subsequent year. Thus an optimal policy will defer devi-
ations from the rental value allocations required to match the target supplies
exactly as long as possible toward the final year of the planning period.

There is an explanation why policy makers in practical cases most often pre-
fer to spread the difference between the budget required to satisfy target
supplics fully and the actual budget equally or proportionally over all years of
the planning period and all stations. The preferences in the criterion function
could be higher for later years oi the rationale that the policy maker considers
the present value of an investment path rather than the actual value, that is, he
might consider to discount spending in the future over spending now. The data
suggest that the interest rate required to turn the optimal investment path from
the trajectory listed in Table 5.8 into a trajectory that smoothly increases is
fairly high. But even the introduction of discounting would not always lcad to
smoothly increasing investments (trivial solutions) and thus eliminate the nced
‘or the calculation of optimat allocations.

Another comment should be made on the differences in the size of the devi-
itions between the actual and the target supplies for the four stations in this
:xample. The cocfficients of station 3 make this station “buy” the least num-
rer of additions to the stock of graduates per unit of investment, since the
rraduation coefficient is low. Thus investment allocations to this station cause
he largest discrepancy between target supply and actual supply over the five years.
7or the same reason, station 1 has the smallest cumulative discrepancy. It is



TABLEG.8

Optimal Investments, Enroliments, Stocks, Recurring Costs, and
Teacher Requirements, 1972-80

Class Class Class Total Recurring New

Year 1 2 3 Stock Investments Costs  Investment Teachers
Station 1

1972 966 662 588 2,318 915,343 2,426,671 80,138 75
1973 933 666 622 2,748 903,947 2,396,459 103,826 74
1974 977 649 628 3,199 917,378 2,432,066 -178,510 75
1975 299 677 614 3,650 647,130 1,715,610 210,012 53
1976 1,080 231 636 4,086 792,429 2,100,813 -179,202 64

1977 329 724 259 4534 533,984 1,415,648 43
1978 253 641 4,688

1979 279 5,134

1980 5,297

Station 2 36,364

1972 534 352 269 642 470,085 1,246,245 37,648 39
1973 485 356 291 840 460,724 1,221,428 11,722 37
1974 375 337 278 1,052 402,930 1,068,210 -147,741 33
1975 1 264 263 1,252 214,896 569,712  -88,400 17

1976 34 13 211 1439 105,006 278,382 -72934 8
1977 [V} 23 30 1,584 21,571 57,187 1
1978 1 19 1,590

1979 2 1,588

1980 1,573

Station 3 -259,705

1972 1,159 765 608 1,027 1,030,524 2,732,028 85,958 84
1973 1,045 772 673 1,382 1,013430 2,686,710 131,461 83
1974 1,152 728 684 1,771 1,043,548 2,766,556 -350,264 85
1975 1796 650 2,163 588,929 1,561,313 1,319,200 48
1976 1,198 40 701 2,531 789,173 2,092,181 346,398 64

1977 0 792 102 2926 363,858 964,626 29
1978 39 643 2,957

1979 95 3,313

1980 3,336

Station 4 1,532,762

1972 1,038 686 522 1,201 914,122 2,423,434 45,828 75
1973 876 691 567 1,586 868,538 2,302,586 103,134 71
1974 988 612 574 2,001 884,818 2,345,746  -227,350 72
1975 200 682 516 2,417 568,986 1,508,442 100,220 46
1976 972 166 563 2,784 692,307 1,835,379 230,728 56

1977 135 649 180 3,184 392,348 1,040,156 32
1978 121 504 3,288
1979 141 3,638
1980 3,708
332,560
1,641,881
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conceivable that the policy maker might like to counterbalance the effect whereby
stations with low enroliment cocfficients suffer larger differences between
actual and target supply by changing the preferences.

More examples are feasible. Calculation of the preferences and discount
rates that make a solution “trivial” is possible. This type of revealed preference
studies might, in fact, be highly appropriate. The objective to illustrate the
working of the model, however, is amply served with the examples given.

The examples presented relied on fictitious target supplies. The outcome of
the decision model—the optimal investment aliocations—are most sensitive to
the demand forecasts. Our effort has been on the one hand to make assump-
tions on the future demand that are reasonable in the order of magnitude, but
on the other hand to vary the demand expectations enough to illustrate the
extremes of the situation that can occur (minimum feasible target supply,
gradually increasing target supply [trajectory 1] and an erratic supply [trajec-
tory 11]).

NOTES

1. See M. Athans and P.L. Falb, Optimal Control (New York: McGraw-Hill,
1966), and L.S. Zadeh and C. A. Desoer, Linear Systems Theory—The State
Space Approach (New York: McGraw-Hill, 1963) for full treatment of sys-
tems theory and optimal control as formulated in and applied to electrical
engincering.

2. The criterion functions mentioned are examples of specifications of the
utility function of the policy maker. The criterion function may have any
arbirary form, however.

3. An excellent reference book on the information requirements for educa-
tion planning in general is OECD, Methods and Statistical Needs of Educational
Planning (Paris: OECD, 1967).

4. Government of Pakistan, Planning Commission, The First Five-Year Plan
(Karachi, 1960), p. 554.

5. For a detailed proposal on data collection in the Bangladesh case study,
see J.M. Ritzen, “A Study of Polytechnics in Bangladesh” (Berkeley: Program
in International Education Finance, University of California, 1974) (mimeo-
graphed report).

6. B. Ahamad and M. Blaug, The Practice of Manpower Planning (San
Francisco: Jossey Bass, 1973); J.P. Jallade, Occupational and Educational
Structures of the Labor Force and Levels of Economic Development, Vols. 1 &
2 (Paris: QECD, 1970 and 1971); D. J. Bartholomew and B. R. Morris, eds., As-
pects of Manpower Planning (New York: American Elsevier, 1971); H. S.
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Parnes, Forecasting Educational Needs for Economic and Social Development
(Paris: OECD, 1962).

7. This problem can be solved using optimal control theory. The solution,
however, is rather difficult as a constraint in both the state and the control, it
appears.

8. But whether the model is used for short-, medium-, or longer-term
planning, it is required that the demand projections and consequently that
sectoral investments are known by cach year of the planning period. Annual
investments are generally not accurately known over long-term periods. Over a
five-year period, annual investments often deviate considerably from those
mentioned in the respective Five-Year Plan.

9. It follows from the location of the zero elements in the matrix A that
the clements 85, B3, B4, B24., and B34 of every matrix f; are zero.

10. See H. M. Wagner, Principles of Operations Research (Englewood Cliffs,
N.J.: Prentice-Hall, 1969) fer a concise treatment and selected references. An
clementary comprehensive book on the subject is J.C.G. Boot, Quadratic Pro-
gramming (Amsterdam: North Holland Publishing Co., 1964).

11. C.E. Lemke and J. T. Howson, Jr., *Equilibrium Points of Bimatrix
Games,” Journal of the Socicty of Industrial and Applied Mathematics Vol. 12,
no. 2 (June 1964): 413-23.



CHAPTER

THE IMPLEMENTATION OF
THE DECISION MODEL

THE FRAME OF REFERENCE OF THE DECISION MODEL

Throughout this study, in which we have exhibited quantitative methods for
planning technical cducation, we have stated our strong belief in the neccessity
for planning. At the outsct we stated this beiief in general terms, that planning
could provide answers to difficult management problems arising from the in-
creasing complexity of educational systems. In subscquent chapters we dealt
with the practicalities of the sclection of alternative policies and the prepara-
tion of plans. But this study would be incomplete without a critical discussion
of the limitation of the methodology presented. We do this, not to foster
doubts about its practical use, but to provide the reader with the frame of
reference into which the methodology fits.

Limitations to the use of the planning techniques arise from three distinet
sources: (1) implementation; (2) delincation of the subject area excluding a
number of aspects: social demand, externalities, curriculum analysis, and
distributive consequences; (3) technical limitations of the planning techniques
presented. To claboratc:

1. The uscfulness of rhe planning methodology and, more particularly, the
decision model nced to be viewed in the environment of decision making on
technical education, which is first of all a political, rather than a technical,
process. The political feasibility of a policy is the ultimate test of whether it
can and will be implemented. This realm of the “polities of expertise,” that is,
the interaction between the technical planning activities and the politicians

138



IMPLEMENTATION OF THE DECISION MODEL 139

who make the decision, has been explored by others, notably by Benveniste.!

We have consistently treated technical education as a system directed to the
single goal, that is, the provision of trained manpower. By that choice we have
excluded considerations concerning the social demand for technical education
and other benefits resulting from the provision of technical education beyond
the imparting of skills useful on the labor market (so-called externalities).

In considering the manpower-target-directed educational system, we have
subscquently limited oursclves to the systems clements of the student flow,
manpower requirements and employment, and the cost and finance of techni-
cal education. Curriculum content and teaching methods have not been con-
sidered. Nor has any attention been given to the distributive consequences of
the present financing system of technical education. Any cducational financing
system has an impact on the income distribution in a country.

3. The state of the art of planning cducational systems is still in its infancy.
The planning techniques presented therefore still exhibit a number of short-
comings.

These three sets of limitations will be discussed more extensively in sections
that follow. Of the three, implementation of planning methodology, since it is
beyond the reach of the planner, presents a limization of a different kind from
the other two areas. But for the problems of delineation and improvement of
technicues, further rescarch is indecd indicated. We shall discuss these issues in
the next sections. Following that, we shall suinmarize our conclusions reached
for the case study of polytechnics in Bangladesh.

IMPLEMENTATION

“Technological change creates uncertainty and uncertainty is related to so-
cial power and planning."2 Planning techniques are part of technological change
and simultancously, a requirement for change and a product of this change.
Whether implementation of planning tools actually occurs depends upon
whether these tools enhance the power position of the decision makers. This
implies several ground rules:

1. Policics generated by the model should be politically acceptable. If the
planning tool genera.cs policics that require radical change, these results may
be used by political pressure groups, but they are unlikely to be impleme:nted
outright by the office of the decision maker.

2. Either the policies gencrated should intuitively be sensible, or the essen-
tials of the decision techniques should be understood by the decision maker. If
the decision maker does not understand why a certain policy is to be chosen
(because he does not understand the complexity of the arguments lcading to
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the decision), he would be yielding power to the analyst by “taking his word
for it,"”

These ground rules impose rather severe restrictions on the use of planning
techniques. It has been observed by Huysmans, who studied the phenomenon
of implementation of operations research techniques in the private sector, that
few planning techniques are actually used because of the failure of planners
and decision makers to communicate with each other.> Such communication
often requires that the decision makers as well as the planners understand com-
plex planning techniques.

But even if decision makers were able to follow the mathematical operations
involved in complex decision techniques, a number of social scientists, for
example, Ida Hoos—argue that these techniques do not belong in public policy
of a democratic state if they cannot be explained in ordinary terms to the
common citizen.* They could form a threat to the privacy of the individual,
and to the democratic system, by creating an autocracy of “planning techni-
cians.” This danger, while it needs to be recognized, should be weighted against
the inability to deal with complex policy problems without appropriate
planning techniques.

Thus, while intensifying efforts to create the means to solve complex prob-
lems, safeguards against the abuse of such techniques can and must be built
into public pelicy making within the democratic system.

EXTENSIONS TO THE DECISION MODEL

An inherent constraint to planning is that somewhcre a line must be drawn
between those aspects of the system to be considered and those to be ignored.
Such judgments are generally based on the relative importance of system com-
ponents but also on whether system companents can be quantified.

Any planning effort must be attentive to the cffect of ignoring some com-
ponents in the model on the recommendations made with it. For the planning
techniques that we have presented, we shall now do this, highlighting the four
major systems aspects excluded in the planning models and relating them to
policy recommendations generated by those models.

1. The focus on the manpower supply function of technical education has
led us to exclude the social demand for education in our pianning efforts. As a
result, admission policies gencrated by such planning tools could be unrealistic.
‘This situation could arise when the level of desired admissions could not be
reached because of insufficient social demand. or, alternatively, social demand
might lead to considerable political pressure to increasc the admission capacity.
If planning by manpower targets were indisputably accurate, decison makers
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would not be susceptible to political pressure. But the practice of manpower
planning does not show such accuracy; on the contrary, substantial discrepan-
cies are noted between actual and projected manpower needs.’

In the face of uncertainty of forecasting manpower targets, decision makers
are therefore likely to attach substantial importance to the social demand for
education.

2. By focusing on the manpower supply function of technical education we
have also ignored the existence of other functions, which may or may not be
explicitly expressed. It is likely that every type of education oroduces “exter-
nalities,” like socialization, development of political awareness, and individual
character development. For countries with large-scale unemployment one may
add to this list of externalities the “holding function” of education.

3. A third area excluded from most investigatiuns of planning methodology
is the analysis of curriculum and teaching methods, the basic foundations of
the education. Clearly, this omission limits the uscfulness of the decision model
for policy purposcs. If, for example, a sizable portion of the graduates were
unemployed, the analyst could offer several alternative explanations. It would
then be unclear whether the unemployment was a result of a potential failure
of the training ¢ >ntent and training methods, or an oversupply of graduates,
Then, without a thorough study of the training content and the tiaining
methods it would be difficult to advise between cutbacks in enrollment and
changes in the curriculum to alleviate the unemployment.

4. The last arca not considered involves the exploration of the role of tech-
nical education in social mobility and income distribution. On a simple level
one could compare the distribution of the parental income of students of
technical education with those in higher education and with the countrywide
distribution of family incomes. That comparison would give a clue as to
whether the training was being given to an clite group or was being distributed
more widely among the population. It is more difficult to estimate actual net
transfers of income between groups that result from the existing methods of
financing education and the distribution of students by income groups.® If ac-
complished, such analysis could lead to restructuring the system of financing
education; for example, if, as an outcome of an income distribution study,
wide inequities werc revealed, the decision might be made to raise fees to a
full-cost level, along with a selective scholarship system based on parental in-
come and merit.

REFINING PLANNING METHODOLOGY

The major refinement needed to improve planning methodology is the
introduction of the educational production process in the planning model. The
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description of this process entails the statistical estimation of the relations be-
tween inputs in the educational system and outputs. Qutputs of technical edu-
cation are skills, demanded on the labor market. The whole complex of teacher
quality, class size, textbook quality, and students’ background forms the in-
puts to the educational process. Analyses of the educational production
process have been made with reference to elementary and secondary eduction.”
The results of the statistical estimations of Coleman and later of a score of
other researchers are rather disappointing: the cffects of the educational in-
puts, although statistically highly significant, are very small and so is the amount
of variance in achievement explained. A number of reasons can be cited for the
apparent failure to quantify the cducational preduction pro-ess:

1. Available data do not include “process variables,” like the encouragement
or discouragement given by a teacher to students, the interaction between stu-
dents, or even siniply the time the teacher spends with cach student individu-
ally.

2. The mathematical models used for estimation are drawn from economic
theory rather than from psychological learning theory. Without a description
of the educational production process, the planning model remains sterile.

The result is the omission of the quality of education from the planning
models. It is then also not possible to differentiatc among students in the sys-
tem according to their potential skills on the labor market. The simulation of
the student flow by way of a mathematical model therefore abstraets from the
student quality.

But aside from the student quality measured by potential skills on the labor
market, student quality could be defined by the grade point average a student
achieves. Such a refinement would enable the planner to include an internal
measure (internal to the system) of student quality in the simulation of the
student flow.

CONCLUSIONS ON POLYTECHNICS IN BANGLADESH

The most relevant finding for policy recommendations is the increasing gap
between supply and demand of polytechnic graduates (see Chapter 4) with
supply exceeding demand. This leads to conclusions that cither the quality of
graduates is not sufficient to guarantee ample employment (and that, hence,
the demand has lagged behind) or that polytechnics have expanded too rapidly.
The truth is presumably that both possible explanations are relevant.

It is therefore recommended that measures be taken .o tune polytechnic
training content and enrollment size more carefully to the labor market. The
management information system described in Chapter 5 could be a useful tool
for that purpose.
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As for the organization of the polytechnic training, the expericnce of India
should be noted. As carly as 1963, L. S. Chandrakant, in discussing three-year
courses in civil, mechanical, and electrical engineering offered at polytechnics
in India to prepare for supervisory positions (like foremen and overscers, very
much like the courses in Bangladesh), wrote:

The view has, however, been advanced in recent years that the practical
knowledge and experience required by a technician cannot be given

to him in an adequate measure in a course that is wholly institution-
based, and that the present threc year diploma courses do not always
produce the right type of personnel.®

He then proposed that four-year “sandwich courses” with alternating practical
work and institution-based training should replace the present three-year
courses.

These detailed conclusions follow from our study.

Student Flow

The internal efficiency of the student flow in diploma courses is very low.
For every 100 students entering in 1966, only about 34 received the diploma
three years later. The low degree of throughput is largely a result of high drop-
out rates, prevalent in all year classes. It is remarkable that a sizable group of
students (7 percent) decides not to pursuc the diploma further despite success-
fully passing the first-year class.

Students with better academic qualifications at entering the diploma courses
perform better in gencral. The throughput rates vary widely between courses
and between individual polytechnics.

Costs and Finance

The finance system of diploma courses is highly centralized. Individual poly-
technics have virtually no discretion over capital costs. They are practically free
in allocating the recurring budget. The result of this finance structure is that
generally no information on capital costs exists on the level of an individual
polytechnic. Polytechnics do not keep separate records on recurring costs for
each diploma course offered, nor do they make a distinction between the
recurring costs of diploma and of other courses (if offered).
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Bookkeeping of recurring expenditures differs quite substantially between poly-
technics. In some polytechnics, the item “contingency’ may run to as high as
50 percent of the total expenditures.

Salaries are otherwise the lurgest single item of expenditure, accounting for
between 35 and 58 percent of the expenditures for the period 1964-67. The
second largest item is financial aid to students (between 5.1 and 6.3 percent
over 1964-67). Maintenance and repair costs form only a small part (from .51
to 5.3 percent over 1964-67) of recurring expenditures.

The direct private costs per student per year for diploma courses are low
(Rs. 91.31 in 1967-68 on the average). The capital costs per student place per
year arc estimated to be around Rs. 400 (1966-67). The capital costs per gradu-
ate are estimated to be around Rs. 2,500. Recurring costs per student per year
are estimated around Rs. 1,300 in the period 1964-67. The per graduate re-
curring costs would then be around Rs. 8,000. An estimate of the total costs
involved in producing one graduate thus is Rs. 10,500 (1965-66 prices).

From a statistical estimation procedure, it is concluded that cconomies of
scale appear to cxist for polytechnics as a whole (without differentiating for
technologics), that is, the costs per student decline with an increase in enroll-
ment.

Employment

A large number of graduates of 1968 and 1969 remained unemployed for
more than a year; of the total stock of 4,500 graduates in 1970, almost 20 per-
cent were unemployed. Job opportunities (gross) have increased annually by
about 500 during the period 1965-70, while the number of new graduates (out-
put of the polytechnics) is rapidly increasing to about 800 per year. This means
that the stock of unemployed is increasing by about 300 annually.

Despite the worsening employment situation, most graduates have cventu-
ally succeeded in entering directly into well-paid jobs. The slight decline in
starting salaries noticed does not appear significant in determining subsequent
wages. Unemployment is described as the time period between graduation and
fiest employment. This period has significantly increased in the last years. It is
significantly less if the father has completed primary education or more. The
length of the period of unemployment suffered does not significantly change
the wage structure of the job that the graduave finally enters. More than two-
thirds of all polytechnic graduates are employed in government service, although
wages in privatc industrics are significantly higher. Graduates earn significantly
less the older they are at the time of graduation and tend to carn more the
higher their father’s present salary is.
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More than 50 percent of all graduates assume employment in the geographi-
cal region in which they have received polytechnic training; but many potential
polytechnic students migrate to receive polytechnic training. This indicates that
a good matching cxists between the distribution of employment opportunitics
and the distribution of polytechnic training capacity throughout Bangladesh,

A FINAL NOTE

Our work with Bangladesh problems and data has assisted us in developing
new applications of planning techniques. By having had the nced to focus on a
planning problem in a particular sctting at a particular time, we have had to de-
vise methods that would rely on available information supplemented by small-
scale surveys and thar would use techniques suitable for that setting. Statistical
techniques were resorted to when data were not in the form needed for analysis.

One frequently encounters, as we did in Bangladesh, a “*data’” dilemma,
which is, simply stated, whether to plan with available data, or whether to col-
lect more precise and more detailed data. Then the question arises whether the
benefits (additional knowledge gained) from the collection of more data out-
weigh its costs. This point is closely related to costs and benefits of planning
in general. Throughout this book, when we talked about rationale, we indicated
benefits that would result from improved planning; but we never tried to put a
price tag on these benefits. If a planning organization seeks to undertake a
systematic cffort, it must consider in advance what the cffort wit! cost and how
useful it will be. Levin suggests as a yardstick for the expenditures to be made
on rescarch (including data collection) that the amount of time concerned with
analyzing any budget item should be roughly proportional to the amount of
money involved.®

In our case study we have chosen to emphasize planning techniques, rather
than data collection. The culmination of all this was the decision model, a tool
that we hope will be of general interest, beyond the notion of education
planning in a developing country. In fact, the decision model itself and the
general discussion carlier in this chapter are stated without regard to whether
the planning problem occurs in a relatively developed or less developed country.

If one were to start again, armed with these techniques and the power to
indicate what data were to be collected, it would undoubtedly be possible not
only to make more accurate judgments, but also to push the methodology
further. In this way, each application of methodology also refines the method-
ology. This we have hoped to do, and this we hope others will do.
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APPENDIX:
POLYTECHNICS IN
BANGLADESH

Bangladesh is an extremely poor, predominately agricultural, heavily popu-
lated country. It was part of British India until 1947, then the cast-
crn part of Pakistan, and in 1971 became a sparate nation. The cconomy of
Bangladesh is chicfly agricultural, of which food production for direct domes-
tic consumption forms the major share; 80 percent of agricultural production
is rice.

In the 1950s and 1960s cfforts at industrialization led to a gradual decrease
of agriculturc’s share of the gross domestic product (GDP) from 65 percent in
1949-50 to 55 percent in 1969. Matched with this was an increase in the share
of the GDP of large-scale industries such as construction, transport, and power,
from 6.2 percent to 18.8 percent.' Industrial production is still very dependent
upon agricultural products. In terms of their output value and employment,
the jute and cotton industry account for more than 60 percent of the totals for
manufacturing and mining in the carly 1970s. Jute forms approximately 90
percent of all export carnings.

As a result of new industrial investments, the shortage of trained manpower
was considered to be a serious bottleneck for continued development. Polytech-
nics were established in the period 1955-68 in response to the need for over-
seers, supervisors, and drafismen for the new industries, public utilities, con-
struction firms, cte.? In this appendix we shall attempt to describe briefly the
cmergence of these polytechnics, their organization, the scopc of their programs,
and what they have delivered.

HISTORY OF POLYTECHNICS

The history of polytechnic institutes in what is now Bangladesh ic a com-
paratively recent one.® The first polytechnic in East Pakistan was proposed by
a government commission and founded in Dacca in 1955. However, diploma-
awarding institutions were in existence before this. A number of them, such as
the University of Lucknow in the Indian Empire had awarded diplomas in
engincering for many years. Besides, part of the engineering scrvice of the
colonial civil administration consisted of the Upper Subordinate Engineering
Service and most subordinate engincers received in-service training. After
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Independence in 1947, this training was formalized in the Ahsanullah Engineer-
ing College. This college awarded diplomas in civil, clectrical, and mechanical
engincering, The establishment of the polytechnic at Dacca created the oppor-
tunity of upgrading Ahsanullah College to the present University of Enginecr-
ing and Technology.

Then, with rapid government building of railways, water, and roads, diploma
holders were in great demand and a number of technical institutes were estab-
lished offering one-year courses for work supervisors and two-year courses for
suboverscer positions. A number of new institutes were established to do this
two-year training, but were stopped after protests from the Diploma Level
Engineers (DLEs) who had graduated from the Ahsanullah Engineering College.
And, from 1956 onward, Ahsanullah Engincering College stopped enrolling
students for diploma courses. In the same year, Dacca Polytechnic Institute
opened, offering diploma courses in civil, mechanical, clectrical, and power
engincering and was soon followed by the establishment of 16 more polytech-
nics. The curriculum had been changed and so had the objectives of the train-
ing. The need for secondary-level technicians in the rising industries was recog-
nized and the diploma courses were thus more industry oriented. But these
newly opened polytechnics did not meet the goal of training second-level
engincering technicians for rising industrics. From discussions, one finds that
even in the carly years of the polytechnics, actual employmeny opportunities
for DLEs remained in the government service, a situation that continued as
technical institutes were upgraded to polytechnics after 1961 and new poly-
technics were established after 1962. Most of the DLEs still joined the govern-
ment service in the occupations of subassistant engineers and supervisors.

The gap between actual employment opportunities and the objectives of the
polytechnic training has since increased. A number of reasons may explain this:
curriculum bears little relevance to the job of industrial plant overseer; practi-
cal experience in industry is not an integral, obligatory party of the curriculum;
and very few, if any, of the instructors and teachers of the polytechnics have
any industrial expericence.

The predominant reason for this imbalance is the foreign influence in the
design of the polytechnics.* It is amazing to find repeatedly in the statements
on the objectives of training the concept of the three-man technical team: a
diploma-level engineer who is to work alongside a graduate engincer and skilled
workers, a concept borrowed from research-oriented industry, but which bears
no similarity to the practical production process (nor to road building, running
a power station, or maintaining a transmission linc). However, very few DLEs
are employed in research activities, which is not surprising, since the overall
level of rescarch in Bangladesh is low. As a result, however, the distribution of
DLEs between government and other agencies has been disproportionately
heavy in public jobs.
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Since the establishment of the first polytechnic in Dacca, attention given by
the government to technical education in gencral has increased considerably.
Whilc 8.8 percent of the development budget (that is, investment budget) of
the First Five-Year Plan (1955-60) went to technical education, this percentage
was tripled in the Third Five-Year Plan (1965-70). This increase is compatible
with the increase in the percentage of the total development budget devoted to
the buildup of industries. The enrollment capacity in polytechnics was greatly
expanded accordingly in that time from about 200 to about 10,000, a factor of
approximately 50.

In this book we consider only those courses offered at polytechnic institutes
that lead to a diploma in engincering and arc based on a curriculum of three
years after passing the matriculation examination. Some of the polytechnics
and monotechnics in Bangladesh offer trade and commercial courses as well.
Entrants to a trade course are required to have reached Grade V1, the course
has a two-year curriculum, and the successful student receives a certificate at
the end. The entrance requirements for commercial courses are similar and the
courses also take two ycars to complete, with a diploma awarded as a final
degree. However, the trade and commercial courses form a very small part of
the total offerings of the polytechnics, which, in fact, concentrate heavily on
the three-year engineering diploma students in their allocation of resources.

ORCANIZATION OF POLYTECHNICS

Polytechnics are fully centrally organized, a fact that is most apparent in the
financing process. All income of polytechnics comes from the government
treasury with the exception of some “transfer payments,” like student scholar-
ships, which are disbursed by autonomous bodies. Polytechnics do not have
other sources of income, like endowments, local taxes, or support from local
industry. Students pay tuition fees and hostel fees to the polytechnic but the
polytechnic acis in this respect as the collecting agent and transfers these fees
to the central government. The central government cxpenditures for polytech-
nics are not in any way related to specific categories of income of the govern-
ment,

The Directorate of Technical Education (DTE) is the intermediary between
the central government and all individual polytechnics. Allocation of funds by
the central government to polytechnics is fully divided into capital allocations
and the allocation of recurring funds. Control by the DTE over the allocation
of capital funds tc polytechnics ends with the submission of an approved czpi-
tal expeaditure plan to the Planning Commission through the Education De-
partment. The capital expenditure plan must earmark in detail the capital
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expenditures (construction and equipment) to the different polytechnics. The
Planning Department can approve parts of the plan or the whole plan for which
the Finance Department finally rcleases the funds. These funds are not released
to the DTE but to the Department of Communications and Building. Equip-
ment is bought by the Finance Department directly through the Supply Direc-
torate. Figure A.1 illustrates this procedure of allocating capital funds.

The DTE receives from the Finance Department, through the Department of
Education, recurring funds for staff salaries and operating expenscs. The DTE
has the full control of the distribution of these funds over the different poly-
technics.

The centralization also extends to the arcas of course content, diploma
examinations, and appointments. All appointments of staff (principal,
teachers, and instructors) are directly decided by the director of technical edu-
cation. Diploma examinations held at the end of the three-year course are con-
ducted centrally by the DTE. Only annual examinations and admissions are at
the discretion of the principal of the polytechnic. The guidelines for admission,
however, are again spclled out by the DTE. The DTE also prescribes the sub-
jects and hours to be taught for each diploma course.

COURSES OFFERED AND GRADUATES PRODUCED

The 17 polytechnics and the 3 monotechnics offer altogether 18 different
courses. Some polytechnics have as many as 8 courses, some as few as 2. Civil,
electrical, mechanical, and power engineering are the courses found most often
at polytechnics. They also have the largest enroliment and output. Thirteen
other coursces are offered enly at one single mono- or polytechnic. These
courses are air conditioning and refrigeration, architecture, automobile, farm,
industrial wood, jute, leather, printing, survey, textile, and textile chemistry.
Radio and clectronics courses arce offered at two polytechnics.

The output of the academic years 1965-66 to 1968-69 is recorded in Table
A.1. To put the time scries of four years in a larger perspective, Figure A.2 has
been added. The output in all courses has been shown frons the start of the
polytechnics onward. This figure shows the rapid increasc in the number of
graduates turned out by the poly- and monotechnics. The figure is based, for
the years 1955-65, on a survey on cnrollment by the DTE and, for the later
years, on the published examination results.

Using these data on output, stock calculations have been made for August
1965 and 1970 for DLEs graduated after 1956. This is shown in Table A.2. An
annual attrition rate of 1 percent has been assumed for the total stock. The
total stock of DLEs has more than tripled in these five years. The stock of
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FIGURE A.1

The Allocation of Capital to Polytechnics

Planning Department g —

| |

Department
of
Education

|
i

Directorat
of

Technical Education

Finance Department

Communications

Building Departument

construction

e ——
capital funds
released
and
submit capital
allocation
proposed
Supply
Directorate
e
foreign new
equipment —
bought l
~—— Polytechnic |je—m—a

Note: Broken lines signify negotiations.




152 METHODOLOGY FOR PLANNING TECHNICAL EDUCATION
TABLE A.1

Graduates of Polytechnics and Monotechnics, 1965-66 to 1968-69

Course 1965-66 1966-67 1967-68 1968-69

Civil 251 405 474 294

Electrical 72 50 96 96

Mechanical 88 104 220 175

Power 98 99 396 161

Other 14 102 121 102
Total 523 760 1,307 828

TABLE A.2

Stocks of Diploma Engineers in August 1965 and 1970

Course 1965 1970
Civil 789 2,148
Electrical 197 500
Mechanical 256 829
Power 316 1,044
Others 69 472

Total 1,624 4,993

graduates in the minor technologies in 1970 is nearly seven times that in 1965.
The stock of DLEs is negligible, however, as a percentage of the total labor
force, estimated to be 20 million by 1970. It is still a negligible percentage of
the approximate total of 300,000 professional, technical, and related workers
in East Pakistan.’ The stock of DLEs in 1970 (5,000) can be put in better
perspective by comparison with the stock of degree engineers (2,700) and of
certificate holders (12,500).° The balance betwecn the stock of technical, as
against general, cducation is, however, still heavily weighted against the techni-
cal education sector.” The sharp increase in the output of DLEs is expected to
continue, given the government plans for increase in admissions.
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NOTES

1. Azizur R. Khan, The Economy of Bangladesh (London, Macmillan, 1972),
p- 17.

2. The information used in this book dates from the time when Bangladesh
was still East Pakistan (before December 1971). However, in terms of this study,
little changed when Bangladesh became independent.

3. A more complete and detailed description of the history of polytechnics
is given in Tyrell Burgess and John Pratt, “Polytechnics in Pakistan (New York:
Ford Foundation, December 1972) (mimeographed rcport).

4. The impact of foreign influences on the way the practice of polytechnics
developed in a different fashion from the original intentions is described in de-
tail in ibid.

5. The population and labor force surveys of the Central Statistical Office of
the Government of Pakistan indicate that, of the total labor force, 1.94 per-
cent in 1965 and 1.64 percent in 1968 were professional, technical, or related
workers.

6. These figures have been taken from the report, Manpower Planning in
East Pakistan, Planning Department, Government of East Pakistan (Dacca: East
Pakistan Government Press, 1969).

7. Comparc the figurcs for the estimated stock of technical workers with the
following figurcs for the estimated stock of trained labor in other fields. Agri-
cultural workers: degree, 2,000; diploma, 2,000; certificate, 6,600. General
Education: 30,000. Teacher Training: dcgree, 10,000; certificate, 85,000, Med-
ical education (doctors): 3,000. Estimates from ibid.
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